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INTRODUCTION H

1. Development of the Industry.

Although components of the air freight industry have
been in operation since the start of commercial aviation, it
is only in the last decade that its continued rapid expansion
has given the industry credence as a freight transportation
mode. In this decade, freight ton miles by air have grown
somewhat erratically, but at an average rate of about 8% per
year. Figure 1-11 traces this development, and shows that
the United States currently produces about 40% of these ton
miles, and reaps a similar percentage of the revenues.

The five billion revenue ton miles which U.S. air freight
carriers hauled in 1977 represents only 0.2% of the total
domestic intercity freight. However, in 1976, air freight

2 which was 1.2% of the

produced revenues of $2.052 billion,
nation's total freight bill, $165.2 billion. Obviously, the
threat of air freight as a competitor lies not in volume, but
in its ability to skim high revenue-producing traffic from

surface modes.

[

The growth of the U.S. airline and air freight industry
has been affected to a great extent by U.S. regulatory poli-
cies. These policies stem mostly from the Civil Aeronautics
Board (CAB), which is charged by the Federal Aviation Act of
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CHAPTER I

INTRODUCTION

1. Development of the Industry.

Although components of the air freight industry have
been in operation since the start of commercial aviation, it
is only in the last decade that its continued rapid expansion
has given the industry credence as a freight transportation
mode. In this decade, freight ton miles by air have grown
somewhat erratically, but at an average rate of about 8% per
year. Figure 1-1l traces this development, and shows that
the United States currently produces about 40% of these ton
miles, and reaps a similar percentage of the revenues.

The five billion revenue ton miles which U.S. air freight
carriers hauled in 1977 represents only 0.2% of the total
domestic intercity freight. However, in 1976, air freight
produced revenues of $2.052 billion,2 which was 1.2% of the
nation's total freight bill, $165.2 billion. Obviously, the
threat of air freight as a competitor lies not in volume, but
in its ability to skim high revenue-producing traffic from
surface modes.

The growth of the U.S. airline and air freight industry
has been affected to a great extent by U.S. regulatory poli-
cies. These policies stem mostly from the Civil Aeronautics

Board (CAB), which is charged by the Federal Aviation Act of
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Figure 1-1. Air Freight Traffic and Revenues.
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1958 both to regulate and promote the industry. Historically,
this regulation and promotion differs from that of other modes
in that it was planned as such from the start (1938) and did
not evolve from pressure by other regulated modes, or by
shippers. The objectives of such a comprehensive program of
support for the air industry have been summarized by Caves:3
1) military advantages of planes and the facilities to build
them, 2) a network of routes provided by the public for use
by all, 3) a strong airplane industry to speed new develop-
ments in aircraft, 4) stability in the industry, which en-
courages safety, and 5) economic regulation which stabilizes
rates and restricts unfair price discrimination.

CAB regulation has tended to be quite protective of air-
line industry interests. Sixteen trunk carriers received
CAB certificates in 1938, and not another entry into that
category has taken place since. Recognition of other types
of service was usually resisted by the CAB, which was the
only source of interstate certificates. Local service was
recognized in 1943, while "“irregular" non-certified carriers
were permitted in 1947. 1In 1949, faced with hundreds of un-
certified cargo carriers, many of dubious financial stability,
the CAB licensed four all-cargo carriers. Federal subsidies
were also being administered to trunks and local carriers,
through the award of lucrative mail contracts. The economic
regulation as exemplified by subsidies, rate regulation, and
route and entry restrictions resulted in a growing air in-

dustry. By 1959, the last of the trunk lines had become

3
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wealthy enough to come off the subsidy.

2. Pressures for Deregulation.

In the early sixties, an increasing number of economists
and industry analysts presented arguments that perhaps the
CAB's policies had served their purpose and were now more
restrictive of growth and economic efficiency. Pegrum char-
acterized the CAB's ratemaking policy as thirty years of in-
decision.4 In surveys comparing regulated and unregulated
carriers in California, Jordan estimated that unregulated
lines could, and do, charge 32 to 47% lower fares for the
same service.5 Keeler puts the overcharge at 20 to 95% above
economic costs for short and long haul flights, respectively.6
In two sets of Senate hearings in 1975 and 1977, a great
number of independent economists presented cogent arguments

in favor of deregulation.7 Perhaps the greatest force for

rationalization of the industry has been the presence of A. Kahn

as Chairman of the CAB. This noted economist has been an
outspoken critic of past CAB regulation and has campaigned
for a gradual phaseout of these economic regulations.8

The first step toward this goal was taken in November,
1977, when President Carter signed into law a bill to deregu-
late air cargo carriage. All route, entry, and rate restric-
tions are removed from CAB control, except for carrier actions
which it deems preferential, prejudicial, predatory or dis-
criminatory. New carriers may enter the industry after
November, 1978, and must still be certified by the CAB. Non-

economic controls, such as equipment standards, pilot

1".1-
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licensing, etc., were not affected. Concurrently, Chairman
Kahn has begun a policy of approving large passenger fare
reductions and route changes, thus extending the route and
rate rationalization, or tendency toward market equilibrium,

into the passenger sector.

3. Thesis Motivation.

There is a significant difference of opinion among ana-
lysts as to what the long run effects of this rationalization
will be. 1In the discussion of the economics of air freight
in Chapter II, the stands taken by various interested parties
will be analyzed. It appears that if cargo and passenger
route and entry rationalization produces the forecast cost
savings, a significant expansion of capacity may take place.
Rates will fall to attract more passengers and cargo. The
implications for the cargo carriers seem to be that they
will have to provide service at a lower cost. Since it
will be shown later that a large portion of these costs is
related to ground transport and handling procedures, the
effort to minimize costs should be made on a system basis.

This will create at least three needs:

1) To improve service, especially in the air cargo
market, to attract the cargo volume required.

2) To optimize further the perfofmance of the system
as a whole, including ground transport, trans-
shipment to air, and air transport, in order to

reduce carrier costs.




3) To reassess current route networks and transfer
points in light of the increased volume and associ-
ated congestion and delays.

This thesis deals primarily with need number two. The
objective is to discover how air freight will move from sev-
eral sources within a region to its final destination outside
the source region. By setting up a series of source nodes,
connecting them to airport terminals by truck routes, then
connecting these airports with local air freight links, as
well as to the final destination by long range air freight
links, we have a facsimile of the air and ground options
available for routing cargo. By applying impedances to these
links, such as truck and air costs and terminal costs, each
time the cargo changes vehicles, the flow of cargo can be
found which minimizes the cost of this operation. Finally,
by experimenting with different sized and shaped networks,
generalizations can be made which can help to satisfy need
number two above.

This does not imply that a derequlated system will oper-
ate as a global cost minimizer. On the contrary, with many
individual profit maximizers participating in each phase of
transport, the free-market equilibrium flows may not resemble
the optimal flows described here at all. However, this work
does have value in describing the hypothetical, optimum
cargo routing. By comparing the actual flows to these move-
ments, an observer would be able to identify areas of relative

sub-optimization. Also, in cases where a central system
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planner does exist, such as in private or military logistics
moves, he may indeed be able to aim for a global system
optimum.

The results of these experiments can be of value to

several parties:

1) Airport and terminal planners, when modifying or
constructing facilities, will need to know how much
cargo their changes will attract.

2) Air carriers must be able to assess the implications
of route additions or deletions on the system, and,
ultimately, how much cargo will their routes carry.

3) Forwarders and private carriers who deliver most of
the freight to air terminals must be able to route
cargo to the airport terminal which, in conjunction
with air schedules, will produce the least cost
transit out of the region.

4) Even shippers who plan to depend heavily on air
freight can assess alternative location strategies in
light of system cost effectiveness, although this may

not be the cost he will see reflected in his rates.

4. Thesis Plan.

The remaining three chapters of éhis thesis will cover
an economic description of the air freight industry and a
literature review, the development and use of the model, and
conclusions to be drawn from the experiments conducted.

The economics section will describe the components of

-




-- the air freight industry, the resources it uses, and the needs
it satisfies. To optimize such a system has implications for
each of these topics, and these'wili be discussed also. The
literature review will cover some of the work done in each
of the major areas of this thesis: economic analysis of air
freight, simulation models of air cargo terminals, and math
programming models of air networks.

Chapter III will describe. the hypothetical network we
<wiiy be concerned with, -as lel as present. an overview of how
the various model segments blend together to describe the
network. The first phase of the model is a mathematical pro-
gram, which is a linear program in all respects but one: one
term in the objective function is quadratic. This variable
describes the costs of moving tonnage through an air freight
terminal. This quadratic program minimizes total costs,
which include truck transport costs from city to airport,
terminal costs, and airplane routing costs. Since many
aircraft routes must be examined to allow a wide choice so
as not to exclude optimal possibilities, the job of listing
these routes, and restricting the number considered to a
smaller sample is the purpose of the Fortran Route Generator.
This second phase computes each route's cost, hours flown,
and points served given network size and shape. The elimina-
tion of routes is based on aircraft range and utilization
limits. The third and final phase consists of a computer
simulation of an air cargo terminal. The result of this

model is a quadratic total cost function for tonnage transshipped

\ll- s G T S s
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through the terminal. This function becomes the quadratic
term in the math program's objective function. The final

section of this chapter will describe the specific experi-
ments to be carried out on the network.

- Chapter IV will describe the results of these experi-
ments and attempt to draw general conclusions which relate
the network characteristics to the ultimate optimal flow.
At this point, it will be shown that due to several unexpected
problems, it was no longer feasible to conduct this analysis
using quadratic programming techniques. The mathematical
program was reduced to a completely linear model, and the
system was redesigned with a linear term representing terminal
costs. Because the circumstances which forced this change
are peculiar to the choice of quadratic programming packages
and computer size limitation, they can be overcome. There-
fore, this section of the model will be referred to as a
quadratic program to describe its intended use.

A detailed description of the results of each experi-
~ant is then presented. Some generalizations will be made
regarding air freight network optimization, and recommenda-
tions to industry participants will be made, based on these

findings. Finally, a brief summary will be presented.
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CHAPTER II

AIR FREIGHT ECONOMICS AND LITERATURE REVIEW

1. The Economics of the Air Freight Industry.

a. Composition. This section will describe the com-

ponents of the air freight industry, the characteristics of
the resources used, the influence of government regulation,
and the economic implications of these factors. The pertinent
literature will be cited here to avoid repetition in the next
section, the thesis literature review.

Air freight is a teym usually applied to one type of
cargo carried on aircraft. Air mail and air express (small
packages) are two other types, which when consolidated into
larger loads, may enter the air freight category. The parti-
cipants in the air freight system are basically the shippers,
the surface carriers, and the air carriers. Air freight
forwarders are "indirect carriers” certified by the CAB to
carry air cargo, but not permitted to operate aircraft. Ac-
tually the forwarders are a combination of all three compon-
ents: to the shipper, the forwarder is a surface and air
carrier; to the air carrier, the forwarder tenders goods for
shipment at the same rates as do shippers; and, finally, for-
warders can charter planes and serve as their own air carriers.

Smith presents a detailed description of this inter-

national industry in Air Freight Operations, Economics, and

10
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Marketing.l Schneider concentrates on the management aspects
of the domestic air freight industry.2 Forwarders play a
vital role in providing more reliable service in this highly
service-oriented industry. 1In 1973, domestic forwarders ten-
dered 816,000 tons of freight to the domestic airlines, and
in terms of sales 41% of the carriers' total air freight
revenue was forwarder-generated. For the domestic all-cargo
carriers, the share was even greater, 51%. These figures are
taken from what is probably the most comprehensive analysis
of the air freight forwarding industry to date, the Ph.D.

dissertation of Stephenson, An Analysis and Evaluation of

the Domestic Air Freight Forwarding Industrx.3

b. Shippers. Early research to analyze the shippers'
demand for air freight was conducted by Allen and Moses,4
who proposed the use of ordinary regression analysis to
estimate the demand for sea vs. air transport across the
North Atlantic. The equation concentrated on maximizing
shipper profit, which was determined by production costs,
revenues, transport costs, and a present value cost of time
in transit. Expanding on this concept, Stephenson's exten-
sive shipper surveys presented strong evidence that shipper
demand for air freight stems from the services offered by
air freight forwarders and carriers (speed, reliability,
service flexibility) rather than cost concerns.

An often heard complaint within the industry is that
demand has tended to be more for emergency shipments rather

than routine cargo. Although the actual percentage of air
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freight which is emergency shipments is unknown (estimates
run from 25 to 75%), it is apparent that the nature of the
freight (little advance notice, emphasis on speed, usually
small size) requires the highest degree of system responsive-
ness and incurs the highest costs. Recently, emphasis has
been placed on the "total distribution approach" where air
freight is offered as a routine method of delivery. Natu-
rally this type of analysis depends on the tradeoff between
the premium transportation charges associated with air freight
and surface expenses of the standard distribution system.
Inputs to such analysis include: warehousing costs, the
warehouse replenishment order quantity, the order point at
which time a replenishment is initiated, the level of safety
stock to protect against variability of demand and lead time,
the value of the product, and inventory carrying, communi-
cations, and order processing costs. Schneider5 offers a
complete example of such an analysis. Several articles offer
further enlightenment on the relation of air freight to the
total distribution system. They include works by Fletcher,6

Lineaweaver,7 Slater,8 and in Freight Management.g'10

c. Carriers. All air freight shipments are of neces-
sity intermodal, and the vast majority of them are hauled
locally by truck and line-hauled by air. The intermodal
transfer is accomplished at air cargo terminals, which rep-
resents a significant cost and time delay to the shipment,
Stites found that ground operations costs can be twice as

important to cargo profits as airplane initial costs.11

il
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Terminal cost analysis is the subject of the simulation
described in Chapter III, Section 4.

Air and truck freight carriers are similar in many re-
spects; both operate comparatively (to rail and water) small
vehicles. These vehicles travel on systems which are public-
ly owned and maintained, but at least partially paid for by
taxes on the carriers. Both use a combination of private and
public terminals to load and unload. Economically, both in-
dustries depend on maintaining a high load factor in their
vehicles for their profits; however, for an air carrier, fill-
ing the vehicle involves somewhat more than it does for a

truck carrier. This will be discussed below.

High vehicle and equipment costs, or high capitalization,
is the characteristic which best contrasts air carriers with
trucks. This means that fixed costs are a high percentage
of air costs, while they are minimal for trucks. Table II-1
compares the average operating ratio of the pure freighter
aircraft of four major air carriers with that of rail and
motor carriers. Operating ratios are calculated by dividing
operating expenses before interest and taxes by operating
revenue. Notice that the cost of operating pure freighters
has at times exceeded the revenue produced, resulting in a
net operating loss for these aircraft. The rail and truck
figures do not adequately reflect a comparison of operating
policies, as other factors affect these modes. Motor carriers,
for instance, are regulated by the ICC to achieve a set

operating ratio.

k)
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TABLE II-1l
COMPARATIVE OPERATING RATIOS
RAIL - TRUCK - AIR FREIGHTERS
High Profit Year Low Profit Year

U.S. Railroads .7618 (1966) .8118 (1970)

Class I & II Motor Carrier .947 (1965) .962 (1970)

Air Freighter Operations* .9638 (averaged) 1.147 (averaged)

NOTE: Operating Ratio = Operating Expense / Operating Revenue

SOURCE: Data compiled by L. M. Schneider in "The Future of the
U.S. Domestic Air Freight Industry."

*
Air Freighter Operations figures are the averages from the freighter
operations of American, United, Trans World and Flying Tiger Airlines.

A companion s£atistic is the rate of capital turnover,
or the ratio of revenue to net investment in operating prop-
erty. These are shown in Table II-2.

It can be seen that freighter operators face high oper-
ating ratios similar to those of truckers, but can only
achieve the capital productivity similar to railroads. Rate
of return information on the pure freighter operations of
combination carriers was not available, and these figures for
overall operations are distorted by other factors. These
overall rates of return reflect the dominance of passenger

service, and the airlines are in fact regulated economically
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TABLE II-2

COMPARATIVE CAPITAL PRODUCTIVITY
TRUCK, RAIL, DOMESTIC AIR FREIGHTER SERVICE
1969

A) Operating B) Net Investment in Ratio
Revenue Operating Property A to B

(Billions of Dollars)

Class I & II Truck 7.339 1.670 4,39
Class I Rail 11.451 27.734 .413
Total, Four Airlines .177 . 300 .59

SOURCE: L. M. Schneider in "The Future of the U.S. Domestic
Air Freight Industry."

by the CAB to achieve a set rate of return. Historically,
carriers have been hard-pressed to show a profit with their
freighter operations. For the combination carriers, which
fly passenger and combination passenger-freight planes, this
has led to a decrease in the number of domestic freighter
flights. Carriers which fly only freighters, such as Flying
Tiger and Seaboard World, have relied heavily on charters and
long haul overseas flights to produce profit. In Europe, with
many of the domestic and international routes consisting of
relatively short hops, all-cargo freighters have yet to break
even. Again, the profit lies in long haul freighter routes,

and also in the use of belly compartments of jumbo passenger

jets.

¥
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d. Resources. It is becoming apparent that a major
obstacle to air freight carrier profits is the aircraft. Al-
though the introduction of turbine power reduced costs about
50% below piston and turboprop costs, today's aircraft are
still not designed to carry cargo with maximum efficiency.

The major types of aircraft used for heavy freight car-
riage include wide-body freighters (B-747F), narrow-body
freighters (DC-8, B707), and the lower holds of wide-body
passenger jets. There are also combination aircraft in which
the main deck carries freight forward of the passengers and
separated from them by a movable bulkhead. Quick change (QC)
aircraft allow the passenger seats and floor to be removed
from the aircraft in minutes, to be replaced by cargo rollers
and tiedown equipment.

The two crucial variables for a carrier's profitability
are the number of revenue ton miles flown and the cost of air-
craft operations. 1In order to maximize profits, he must be
conce;ned with load factor and aircraft utilization. Load
factor is the ratio of revenue tons to available tons of
capacity. Aircraft utilization is the number of hours flown
per day.

Attaining a high load factor is obviously a carrier goal,
given a fixed fleet composition, but the carrier will not al-
low his load factor to rise too high, for this means that the
level of service offered to shippers is low. Space will not
always be available for last minute shipments, and customers

will be lost. However, there exists a break-even load factor,
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below which the revenue for the route flown does not exceed
the costs of flying it. Two aircraft characteristics which
will raise the break-even load factor are its shape and
design density.

Aircraft fuselages are basically cylindrical, with
tapering ends, while cargo is basically square or odd-shaped.
The inability to use much of the space in an aircraft is
compounded by the necessity to pre-package loads, using con-
tainers or pallets. Now the load must be stuffed into a
container, and the container into the plane, with wasted
space at each step. Aircraft of different types do not al-
ways accept the same container, so for interlining, smaller
containers which are mutually acceptable are used. This
again reduces the utilization of space, the number of revenue
tons and the load factor.

The design density is that ideal cargo density which
will insure that the loaded aircraft will "cube out" and
"weight out" simultaneously. The higher an aircraft's design
density (1lb./cu. ft.), the more dense is the cargo required
to fill its weight capacity. Typical aircraft design densi-
ties and those of some cargo are shown in Table II-3.

The figures tabulated are factors which multiply the
cost per ton mile of aircraft operation. These are the de-
sign densities divided by the cargo density. A "W" indicates
the aircraft filled with pallets of this cargo will weight
out before cubing out, and hence, with a full weight load,

will have space left over. Notice that the average cargo
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TABLE II-3

IMPACT OF DENSITY ON OPERATING COSTS PER AVAILABLE
TON-MILE DOMESTIC SERVICE

(Table entries are factors for adjusting Design Weight Costs)

Design Density of Aircraft
(Containerized Cargo)

DC-8-63 747F 707-320C
Avg. Pallet Densities 9.9 1b/ 10.9 1b/ 12.9 1b/
by Shipper or Location cu ft cu ft cu ft
Montgomery Ward 5.3 1.87 2.06 2.43
Average NY, Boston, LA 8.6 1.15 1.27 1.50
Freight Forwarders 9.5 1.04 1.15 1.36
Chicago-0'Hare 10.3 W 1.006 1.25
Time Magazine 20.0 W W W

SOURCE: L. M. Schneider in "The Future of the U.S. Domestic
Air Freight Industry."

density for the markets surveyed is 8.6 1lb/cu ft, which mul-
tiplies costs from 1.15 to 1.50 times for the three most
popular freighter aircraft.

Besides load factor, the other major revenue determining
statistic is aircraft utilization. This is the number of
hours of block time, or revenue-producing flight time per
day. For all aircraft, this number is decreased by routine
and unscheduled maintenance, standby duty, and other factors.

The remaining available hours are highly sensitive to the

1’
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types of routes flown. Short leg routes require multiple
stops for ground operations, approach and departure. These
phases of operation produce little or no revenue flight time
and lower the plane's utilization. Long haul, non-stop,
transcontinental or overseas flights, however, produce a
high utilization rate increasing the productivity of the
aircraft.

Table II-4 shows a comparison of two types of U.S.

carriers, combination (passengers and freight), and all cargo.

TABLE II-4

AIRCRAFT UTILIZATION AND LOAD FACTORS (1972)

Combination Carriers All-Cargo Carriers
Acft Utilization Load Acft Utilization Load
Operation hrs/day Factor hrs/day Factor
Domestic 7.05 44.0 9.36 57.0
International 8.04 47.2 11.48 68.1

SOURCE: Civil Aeronautics Board, Handbook of Airline Statistics, 1973

Aircraft utilization and load factor are higher for all-
cargo carriers than for combination carriers, and higher on
international operations than on domestic flights. This
highlights some of the differences between combination, or a
fixed ratio of passengers and cargo, and all-cargo operations.

Freighters can be operated all the time, while combination
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planes can only fly economically when passengers are avail-
able, which reduces their viability at night and through low
passenger density airports. While all-cargo carriers depend
totally on freight income, combination carriers do not. 1In
fact, cargo revenues range up to 25% of total revenue for
combination carriers. Therefore, passengers are their prim-
ary concern, and schedules are not built to conform to freight

demands.

e. Cargo Costs. Figure 2-1 shows a typical breakdown

of air cargo costs among various phases including the major
categories of direct and indirect expenses. Mention must be
made of an argument adopted from rail pricing strategists:
the allocation (or non-allocation) of joint and common costs.
Joint and common costs are incurred when a firm produces two
products using the same resources. If the ratio of these
products is constant, such as the ratio of cotton to cotton-
seed, then the costs which cannot be specifically attributed
to either product are joint costs. If the ratio of the prod-
ucts varies, then these costs are common. The problem is
that there is no effective way of allocating these joint or
common costs to either product. Figure 2-1 compares the costs
of air freight on freighter and combination aircraft. On a
pure freighter, all cargo costs are fully allocated to the
freight because there are no passengers. However, under the
by-product costing scheme which assumes that the marginal
cost of additional cargo is near zero, there is some distor-

tion in the perceived direct and indirect costs.
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"U.S. Cargo Transportation Systems Cost and Service
Characteristics.”
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The CAB has maintained, by regulation, that cargo rates
charged by passenger airlines will not fall below those
charged by all-cargo 1ines.12 This procedure appears to be
reminiscent of ICC pricing policies when deciding intermodal
competition cases. The rates of one mode were not allowed
to fall below costs of the next most efficient mode in order
to "preserve competition."”

Miller has indicated that this policy is probably effi-
cient, since the opportunity cost of providing belly freight

13

transport is the cost of using all-freight planes. This

viewpoint is the same as that favoring the SAT,14

or Stand
Alone Test, which asks: Are subscribers to a particular
service of a multi-product firm paying more for their product
than its stand alone cost, if it were produced by a single-
product firm? This test has no basis in efficiency, either,
but offers one possible answer based on equity considerations.
Operators of "combi" planes have vigorously protested this
CAB policy, mostly using the "revenue offset method," or
by-product costing methodology. This says that belly space
is inherent in all passenger aircraft, and since it cannot
be used for passengers, and luggage doesn't begin to fill it
up, that space is a by-product of flight, and has zero mar-
ginal cost. This, of course, would allow a great deal of
pricing variability.

Miller (and the CAB) holds that a true by-product is a
result of a joint production, that is, one which produces

multiple outputs in fixed proportions, but that a by-product
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has no value. Once the by-product becomes a saleable com-
modity, then it becomes a factor in determining the scale and
orientation of the production. Cargo space in combination
aircraft is therefore not strictly a by-product. In the
short run, due to aircraft configuration, the mix of passen-
ger and cargo space is fixed, and they are joint products.
But in the long run, this mix is quite variable, and the two
become common costs, since almost any combination is possi-~
ble. Some aircraft can be reconfigured easily by the opera-
tor, so that the costs are common even in the short run.

f. Economics of Air Freight -- Conclusions. Our pur-

pose here is eventually to build an intermodal network, so

we should now ask, based upon this economic discussion, how
are air freight costs related to those of other surface modes?
The graphic answer is supplied by Figure 2-2. The air freight
costs used here, and throughout the model, are those "allo-
cated" on combination planes by using the cost per ton of

pure freighters. Again, air freight is not competitive on

a flat rate basis, but depends mostly on a high level of
service to attract shippers.

We can see clearly now where the economies are in air
freight carriage. Simplified, long hauls at maximum payload
produce the most profit. Also denser-than-average cargo will
lower cost-per-ton-mile. Containerization drastically cuts
handling costs, but makes less effective use of aircraft
interior space, while adding non-revenue weight. Quick

change and convertible aircraft increase utilization, but

i
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penalize the carrier by adding extra weight and decreasing
usable space. While it is known that larger planes will
lower the cost per ton mile, it is also a fact that more
cargo is required to break even on the wide-body aircraft.
Also it is not known what the price elasticity of demand
for level of service is, or whether flying fewer economical
large planes will bring more revenue than flying smaller
planes more frequently.

Finally, returning to the recent deregqulation of cargo
rates and routes, it would seem that this action would be
disadvantageous for the all-cargo carrier, since it would
give the combination carrier a reason to return to by-product
cargo rates. However, the concurrent freeing-up of passenger
rates has allowed these to tumble, insuring that both pas-
sengers and freight will be compensating the carrier, and
freighter rates will be competitive. After many years of
carrier warnings against passenger rate competition, the
enormous demand for these new rates may lead to redefining
what was formerly thought to be a price inelastic demand.15

Air freight and passenger deregulation, then, will
necessitate a re-evaluation of the configuration of combina-
tion aircraft. Space allotted to passengers and cargo will
be adjusted until, for a particular route, the carrier is
economically indifferent to adding another seat or that much
more cargo space. This ideal situation is subject to the
cost of incremental changes in aircraft configuration. It is

also true that while passengers usually demand round trip

>




26

(eventually) service from airport to airport, cargo is a
one way contract, and usually door-to-door. This creates a
cargo flow imbalance known as the empty backhaul problem.
Since cargo does not originate at airports, some flexibility
is permitted in satisfying the freight demand to adapt the
cargo flow to airport capacity flow.

Investigating this flow in a network is the goal of
this thesis. The model used here assumes that the surface
and air modes act as a unified system to minimize costs.
This, of course, does not occur because each mode is made up
of many individual firms. However, if the result of air
freight deregulation is a movement toward system optimization,
this model can provide an ideal with which to compare present
performance. If the goal is not system optimization, then
a model such as this could be useful in indicating how much
free-market cargo flows differ from the global optimum, and

where these divergences occur.

2. Literature Review.

a. Air Cargo Terminal Simulation. The object in writ-

ing this computer simulation is to obtain a representative
cost per ton for transshipping cargo through a terminal.
Consequently, the literature cited does not encompass all
there is to know about air cargo terminals, but includes
works which aided in this objective. Descriptions of air
cargo terminals were found to exist on several levels: ver-
bal and diagrammatical, numerical, and in simulation models.

Since the end product here is a simulation model, it is
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logical to progress through the literature toward that goal.

The International Air Transport Association presents a
comprehensive view of both passenger and freight terminals,
including flow charts.16 Because it is a reference manual,
the level of detail is beyond the scope of this model, but
it is conceptually instructive. Another such descriptive
work was published by Hackney-Airlift Associates for the
Boeing Company.17

Smith describes the general operation and economics
of air freight terminals.18 His work is replete with ex-
amples and photos of many of the world's largest terminals.
This book also provides the values for many of the variables
incorporated in the final model.

Moving on to the numerical level, Manalytics, Inc.,
produced a complete terminal analysis for the proposed
Montreal Airport.19 This work was used to obtain some para-
meter values as well, but its main contribution was as a test
of the accuracy of the thesis simulation model. The results
of this test are presented in Chapter III, Section 4.

Two simulation models of air cargo terminals were found
which aided somewhat in understanding the problem to be mod-
eled. The aim of Stites' simulation was to advocate such
models as systems analysis tools.20 He used the model prima-
rily to test the sensitivity of variously configured terminals
to such inputs as per cent palletized cargo and throughput
capacity. The Army's Construction Engineering Research

Laboratory (CERL) presented a quite detailed simulation.21
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The object was the analysis of a proposed cargo terminal
which was being considered by the Air Force. The program was
designed to determine potential bottlenecks and to evaluate
the best construction oriented strategy that could be taken
to eliminate them. Using deterministic and stochastic events,
the program did pinpoint modifications to reduce throughput
time.

b. Air Freight Network Model. This "network" actually

consists of the two math programs combined with a quadratic
term from the simulation model used in the objective function.
These models and their interaction are discussed in detail
in the next chapter. The first part of the linear program
consists of a "transportation problem" which routes cargo to
regional airports by surface mode. The second part is a
fleet assignment model which assigns aircraft to routes to
carry the cargo from the airports to the destination region.
Hitchcock's classic transportation problem came about
as an adaptation of linear programming techniques to optimize
the movement of a commodity from several sources to several

sinks, given a cost for each link.22

The techniques he used
have been improved upon greatly, but this is a simple method
for formulating this part of our network.

A great deal of work has been done in the area of opti-
mal routing of aircraft to deliver passengers and cargo. Many
of these models are in fact the improvements made to Hitch-

cock's model. Dantzig extended the model to a basic fleet

assignment model, which was the forerunner of such models in

\
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use by airlines today.23

Dantzig's model used a set of non-
stop routes among network city pairs. Each route had a fixed
demand, and there were a limited number of aircraft to serve
the demand.

Simpson lists a direct successor to Dantzig's program
as Fleet Assignment 2 (FA2).24 The major change is that
multi-stop routes are permitted. Aircraft load factors, used
as a capacity averaged over the fleet, are also considered.
Also a minimum level of service to passengers can be assured
by specifying a minimum number of flights with a maximum
number of stops on each. This linear program, FA2, is the
basis for the quadratic program used in this thesis.

A heuristic model which uses another program to generate
the routing possibilities and permits manual decision-making
at specific points was written by Fetter, et al., for the

Rand Corporation.25

The linear program differs from FA2 in
that in minimizing the cost of operating the system it also
includes in the objective function a term representing cargo
left behind which must be shipped by an alternate mode, and
a term for the unused capacity. The route generator program
selectively eliminates many routes which are bigger than the
"best" route by a certain percentage. This lightens the
computational load on the linear program and hence lowers the
cost of running the package.

What appears to be the most comprehensive package for

fleet planning, routing and scheduling was written by Jessiman

and Ward for the Department of Transportation.26 This ten
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volume work utilizes a program which minimizes the social
(travel time) and economic costs. This complex program is
detailed enough to represent actual networks and to solve
airline and regulatory problems.

Finally, in an effort to find the optimal connectivity
in a hypothetical network, Gordon and de Neufville presented

an analytic solution.27

This procedure, given a fixed bud-
get, minimizes the total delay to all passengers, which in-~
cludes weighted values of waiting time and travel time.
Minimizing this social cost led them to the conclusion that
less connected, hub-type networks are superior to highly

connected networks and that larger, less frequent planes and

parallel routes between city pair airports increase delay.




CHAPTER III

MODEL DEVELOPMENT

1. Overview.

This model consists of three distinct programs which
serve to establish the overall objective function and con-
straints, generate aircraft routes to serve the network, and
estimate a convex average cost function to represent trans-
shipment at the nodes. These processes are described in the
following sections: guadratic program representing the net-
work, route generator, and simulation model. The final
section in this chapter describes the experiments to be under-
taken on the network.

Figure 3-1 describes the interaction of the three pro-
grams which act to produce an optimal solution.

The object of this experiment is to minimize the cost of
moving all the air freight supplied within a region to a
destination outside the region. Our hypothetical region is
made up of four nodes which serve as sources, representing
cities. There are four nodes associated with these cities
which represent airport terminals. The cargo is transported
from each city to any of the four airports by a surface mode.
The freight is then processed through the terminal, and
delivered by aircraft to either another node within the region

for transshipping through that terminal to another aircraft,
31
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or directly to the destination. The ultimate destination of
all cargo is represented by a fifth node, which is only a
sink for cargo. Figures 3-2 and 3-3 show first a plan view
of the network, and then a "side view" with the airport nodes
raised above the city nodes for easier comprehension.

Although this may appear to be a nine node network, the
method of solution is more like solving two networks simul-
taneously, one from city to airport, and the second from
airport to airport. The output of the surface solution is
the input for the air problem. The quantity moved is always
tons of cargo, although on the surface it moves as a single
flow, while in the air it moves in increments of aircraft
capacities.

The aircraft routing possibilities are enormous, even
for such a small network. Therefore, a FORTRAN route genera-
tion program was written to examine all the possible routes,
then eliminate most of them on the basis of excessive range
for aircraft, or excessive utilization of aircraft. This
condensed list of routes is then used in the math program,
which identifies the optimum routes to move the freight.

The cost of transshipping cargo through a terminal,
either initially from truck to air, or subsequently if an
air to air transshipment is desired, is supplied by the simu-
lation model. This consists of a detailed air freight termi-
nal simulation model which was run at different levels of
throughput to determine a quadratic cost function. This cost

function is then used as a term in the objective function of
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the math program.

A number of major assumptions are made in this model:

1.

Demand for air freight transportation is constant
and is not affected by the price or level of service
provided. This price inelasticity is a common as-
sumption in such models, although Gordon and de
Neufville suggest that use of a demand function tied
to network performance, in conjunction with several
iterations, would allow for a responsive demand.
This procedure would consist of running the model,
finding the optimal system cost, computing the
price for transportation, then using the demand
function to adjust the cargo demand. The model
would then be re-run, and this iteration repeated
until the demand change between runs was less than
some desired amount. This would be the assumed
equilibrium cargo flow.

All cargo presented for shipment is considered as
"tons," making no allowance for the added cost of
handling and shipping loose, odd-size or low density
cargo. This assumption was made to simplify compu-
tations.

Trucking costs consist of a terminal charge of $40.
per ton and a line haul cost of $.60 per ton mile.
These figures are based on a two ton shipment size,
and inflated to present dollar values from figures

used by A. F. Friedlaender.l
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4. Aircraft costs are cited as direct costs and are
applied to a route flown by a particular type of
aircraft. Again a fixed cost per segment plus a
cost per hour are used. The figures for costs and
capacities are approximations only. Capacities
allow for a 67% load factor. 1In reality the range,
load, cargo density, and other factors will cause
the cost per hour to vary between routes. The
assumed parameters are set forth in Table III-1,

as follows:

TABLE III-1

ASSUMED PARAMETER VALUES FOR AIRCRAFT LOAD AND COST

Capacity Fixed Cost per Direct Cost

Size (tons) Segment ($) {$/hr) Similar to
Small 10 325 1300 DC9%-33
Medium 25 425 1700 B-707
Large 50 500 2000 B-747F

SOURCE: Derived from tables in "Air Freight Operations,
Economics and Marketing."

5. Air freight terminals exist at each airport, and
must remain open, whether they are used or not. This

implies an unavoidable fixed cost on the network.

[
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All cargo tendered is specifically air freight,

and will move on the system being modeled.

The cargo backhaul from the destination node is not
considered, because this model is limited to observ-
ing the flow of outbound cargo. Hence, aircraft fly-
ing to node 5 are not returned, although there cér—
tainly is a necessity for this in a real situation.
It is assumed that return cargo does exist in a man-
ner symmetrical to outbound cargo.

This is not an aircraft scheduling model and the
aircraft assignments it uses to minimize costs may
in fact be difficult to schedule effectively. How-
ever, considering the theoretical nature of the net-
work and the purpose of the experiments, this does
not appear to restrict the use of the model.
Although the model never directly considers ship-
ment time enroute, it is constructed to insure that
cargo is moving in trucks, aircraft or resident in

a terminal awaiting air pickup. Truck shipments
which exceed 300 miles are excluded from the model.
The Manalytics study indicates that air freight
shipments are usually too time sensitive to travel

this distance by surface mode.

2. Quadratic Programming Model.

The model consists of three cargo movements: from city

to airport, through the airport terminal, and by air to
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either another terminal or the final destination. Our ob-
jective is to minimize the total cost of moving cargo across
this network. The network model consists of segments, or
directional arcs, which connect each two points. An aircraft
route consists of one or more segments, flown in order by
one aircraft. The subscript r will always indicate an as-
signed route number, while a will show what type (small,
medium, large) aircraft is involved. When describing arc or
segment movement, the subscripts pg will be used, while ij
will show a movement of cargo from origin i to destination j
on the same route. This does not exclude ij from being con-
secutive stops on this route. First, we must define the

terms to be used, as in Table III-2:

TABLE III-2

DEFINITION OF QP TERMS

A = number of type a aircraft available
Acra = cost of flying aircraft a on route r
BT . = block time for aircraft a on route r
CAPa = capacity of aircraft type a
Fra = number of flights of aircraft a on route r
Noin pg = minimum direct service flights required on
segment pq
PCi(ZTAij)= total cost function for terminal i (quadratic term

which is actually of the form:
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2
d(TAij) + b(TAij)).
S; = supply of cargo tons at city i
TA; . = tons airlifted from terminal i to terminal j,
J or where j=5, to final destination

TAijr = tons airlifted from i to j on route r
TCij = cost per ton by truck from city i to airport 3
TTij = tons trucked from city i to airport j
U, = maximum hours of daily utilization of aircraft a
R = set of all routes which cross segment pg in
—Pq that order
Bij = set of all routes which serve air 0-D pair ij

a. Statement of Model. Using this terminology the
model can be stated:

Objective Function:

Minimize operating costs
5 4 5

Lo L) DY
MIN L /. TCij TTij + ACra Fra + PC__.L TAij

i=1 j=1 x a i=1 j=1

The three terms represent trucking costs, aircraft costs and
terminal costs (quadratic term).
Constraints:

1. All cargo supplied at cities will be trucked to an airport.
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4
E: TTij = Si ¥ sources 1
j=1

All cargo trucked or airlifted to a regional airport

will leave on a flight.

4 4 5
Z TTij + ZTAij = Z TAji Vj 1l to 4, i#j
i=1 i=1 i=1

All cargo supplied at cities will ultimately be airlift-

ed to node 5, the destination.

For all possible origin and destination airports, the
routes serving them carry all the cargo that moves be-
tween them. This, in effect, defines the route specific
cargo movement which is used in the next constraint.

z: TAijr = TAij ¥ air 0-D pairs 1ij

regij

Over each arc pg, the cargo flown on each route crossing
pqg must not exceed the capacity of the aircraft used on

that route. This includes, for routes traversing pq, the
sum of all cargo picked up at p or earlier, destined for

q or stops further along the route.
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T T

Z_ }: TAijrri ) E: CAP, F_, ¥ arcs pq
reR i<g reR a

6. For each aircraft type, the average number of aircraft

hours flown must not exceed a specified total utilization.

Z:BTra . Fra < Ua Aa ¥ aircraft types a
r

7. A minimum level of direct service must be supplied be-

tween each airport and selected destinations.

}: E: F o =Nun pa ¥ p (1 to 4)

reR a
-4

A number of additional constraints can be added to

adapt the model to specific situations. These might include:

1. A maximum number of aircraft permitted to land at an

airport. This could represent a congestion or capa-
city restraint.

2. Aircraft routing constraints, which would assure
that all aircraft movements balanced at every sta-
tion. This is not necessary for the purpose of
this model, since we are not assuming a backhaul
problem, thus we are not optimizing the return flow
of aircraft.

The dividing line between the trucking constraints and

the air movement constraints lies between constraints 2 and 3.
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These are a straightforward statement of a transportation
problem, ensuring that all cargo moves by truck to and through
a terminal. While the necessity of constraint 3, insuring
that all cargo reaches node 5, is obvious, the justification
for constraint 4 is not as apparent. There is a definite
necessity to use route specific air cargo movements, TAijr'
in order to observe the optimal flow of aircraft during ex-
perimentation. Because this route specific flow appears
elsewhere only in constraint 5, its role in 4 is to define
exactly which O-D cargo flows these routes are supplying.
Note that this is the only constraint where these route flows
are summed. A user of this program may wish to replace this
with a tighter constraint which may fit a particular situa-
tion, such as maximum use of a congested route, etc.
Constraint 5 has the purpose of insuring that for each
segment (arc), each route across it is carrying no cargo
flow which cannot be carried by the aircraft flying that
route. Examining each route rather than summing routes has
the effect of increasing the number of constraints somewhat,
but also is more descriptive of an air cargo network.
Constraint 6 provides a method of describing a fixed
fleet of aircraft. By changing the numbers of each type of
plane available, the user can simulate a specific fleet or
test the sensitivity of the model results to fleet changes.
Note that the Fortran Route Generator program described in
the following section eliminates many of the routes which

will overutilize the aircraft, and all the routes beyond the
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plane's maximum range. This is done before the routes are
considered by the quadratic program; this reduces processing
time and costs considerably.

The final constraint represents a test related to the
discussion of cargo on combination planes in Chapter II.
Since we are assuming that demand for cargo transpor:tation is
constant, the significance of a minimum level of direct
service between city pairs is to attract passenger demand.
This program will test the opportunity cost of this type of
service to optimal cargc movement.

b. Model Translation. The translation of these para-

meters into terms and relationships usable by the quadratic
programming package is the job of the Fortran route genera-
tion program discussed in the next section. The package used
is a part of the Multi Purpose Optimization System (MPOS).2
This system allows algebraic, matrix and packed input of
variables. To process the quadratic objective function term
with linear constraints the "Beale's Algorithm" option is
selected. This allows optimization along a convex objective
function while the standard MPOS options require linearity

throughout the program.

c. Output Interpretation. The standard MPOS output is

requested which includes a summary table showing the activity
levels for all primal variables, slack values for constraints,
and opportunity costs (shadow prices) for dual variables cor-
responding to each constraint. Finally the output lists the

value of the objective function.
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Alternate optimal solutions, where several combinations
of the variables are optimal, are to be expected when such a
large number of routes is used. While this may make the
solution look "loose" it is actually a boon to a user who
may have other decision bases which he could not insert in
the model. For instance, the planner who finds that he can
route aircraft through either of two airports without affect-
ing the optimal system cost might choose the airport which
is least sensitive to off-hour aircraft noise. Since this
decision basis is not easily quantifiable it could not easily
be included in the model. It is the presence of multiple
optima which allows such a choice of solutions at the same
cost.

The value of the dual variable, opportunity cost, or
shadow price is listed for each constraint. This value indi-
cates how much the objective function will decrease as the
value of the right hand side of this constraint is increased
by one unit. In other words, the value of the dual variable
indicates the value of one additional unit of a particular
resource. This will indicate probable places to add aircraft,
or reduce tonnage. Constraints with slack (not binding) will
have a zero opportunity cost because modifying their right

hand sides will not affect the objective function.

3. Route Generator.

Due to the great number of possible routes, and the de-
gree of sorting required prior to use in the math program,

a FORTRAN route generator program was written. As the program

I YT = ——— PO
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is full of loops and transfers, it will not be discussed in
detail here. A flow chart, listing and sample output are
provided in Appendix II.

Basically the program uses an input of network and air-
craft parameters, builds basic one leg routes, then adds to
them gradually, examining each new route's suitability to
the network and the planes. When the program finds that it
can no longer build on the routes it has without violating
aircraft utilization or range constraints, it stops genera-
ting routes. By allowing only routes which are within allow-
able range and utilization, this program restricts the set
of routes which the quadratic program must consider. This,
in turn, significantly reduces the number of variables in
the quadratic program, with considerable savings in computing
costs.

The second major function which takes place is the
sorting and listing. The sequential route numbers and stops
made are listed because in the MPOS "packed" format only
variable numbers are used, and the listing provides a diction-
ary for interpreting route information. The sorting is re-
quired by quadratic program constraints numbers 4 and 5,
which require that select routes, which serve specific 0O-D's
or segments, be summed or examined. Most of the complication
in the FORTRAN program arises as the routes and their stops
are shuffled among various arrays during the sorting.

The program output can list these sorted variables on a

disk file for direct insertion into the math program or on
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paper for manual input. The listing in Appendix II and the

sample output are for printed output.

4. Simulation of an Air Freight Terminal.

a. System Definition. The purpose of this model is to

produce a single quadratic cost function which will be used
in the objective function. It is not an integral part of

the model, in that it is not re-run for each experiment. The
cost function is a single measure of the expense of trans-
shipping cargo through an air freight terminal. The system
under consideration is limited to the major participants:
trucks and planes arrive to deliver the cargo: the terminal
unloads, sorts, stores, retrieves, assembles, and prepares
the cargo for loading; other planes arrive, are loaded, and
depart from the system. The program was created to be robust,
with most of the parameters stated as variables, in order to
enhance its use for other purposes.

b. Model Formulation. The terminal operations which

are simulated are shown graphically in Appendix III-1. There
are two types of trucks used, long haul and local. Cargo
arrives in the form of loose, palletized, or odd-size loads.
The sorting and storage takes place immediately upon arrival
by truck or plane. Prior to a departure, the load is re-
trieved from storage, and built into pallets. The pallets
and odd cargo are stored on a ready line until loading takes
place and the plane departs.

The model allows the user to select many options, such

as plane size, per cent palletized and loose cargo, and other
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parameters. One variable to which the model proves to be
guite sensitive is the "location index" which accounts for
the higher land values and wage rates in some locations.

The model uses the location index in calculating wages (oper-
ating costs) for all activities in addition to the value of
the land used for truck and airplane parking and for terminal
facilities. The result of running the model for one peak
period is a dollar cost for each major expense area, a total
cost, and a cost per ton transshipped.

c. Data Preparation. Data for constructing the con-

stants used was combined from many sources. The greatest

amount came from:

i. an air cargo terminal study by Manalytics, Inc.3

ii. P. S. Smith's text, Air Freight Economics, Opera-

tions and Marketing4

iii. visits to the headquarters of United Airlines and

the Military Airlift Command, USAF.5

d. Model Translation. The simulation was written from

the system flowcharts shown in Appendix III-2, and the GPSS V
listing with annotations is shown in Appendix III-7. The
following GPSS entities were used:

Transactions: trucks, planes and loads

Transaction Parameters:

vehicle capacities

kilograms loose cargo

kilograms palletized cargo

'

parking space used
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Storages:

- four types of cargo storage areas

two types of parking areas

two types of sorters

two types of cargo handling equipment

e. Validation. During and immediately following the
construction of this simulation, many validation runs were
made to increase confidence in the model. With so many
parameters, varying each of them would have been quite tedious.
However, varying the major capacities, costs and rates gave
encouraging results. Massive failures due to overloading
are avoided, because the model is composed of expanding facil-
ities, which enlarge (at a cost) to relieve an increased usage
rate. This feature is a direct result of the service orien-
tation and time sensitivity of air freight operations.

The final validation step consisted of running the model
for a wide range of tonnage values and plotting these against
cost per ton on a graph. By superimposing a cost curve from
the Manalytics project, the validity of the simulation model
was strengthened. The curves were quite closely aligned in
the middle range, but varied at low throughput.

f. Experimentation. The experimentation was performed

to produce points from which a regression could be run to
find the most likely quadratic equation to represent the
model. A parabolic function was selected because such an
equaticn was simple enough to fit into a math program objec-

tive function. It also lends curvature to the total cost
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function for terminals, which appears to represent these
costs more accurately than does a simple linear function.

A total of thirty readings was taken, and in such a
manner as to minimize the variance at the center point, as
suggested by L. Ott and W. Mendenhall.6 The resulting quad-

ratic equation was:

~

g = .00001309x% - .03342x + 38.873 (t-values)
(34.2) 2(52.1)  (230)

The R2 value was .998, and all values are significant at the
95% level. The curve and associated confidence intervals

are shown, along with the Manalytics curve, in Figure 3-4.

5. Experimentation.

The object of this thesis is ultimately to conduct ex-
periments on the sample network to determine the characteris-
tics of optimal cargo flow. We will be examining the degrees
of connectivity and centralization exhibited by the network
under various configurations. The connectivity is a charac-
teristic which describes the amount of direct traffic links
versus indirect traffic flows. A network in which every pair
of points is directly (non-stop) linked is a completely con-
nected network. One in which all traffic between outlying
nodes is routed indirectly through a central hub is less
connected.

The centralization we will be looking for is a tendency
for gathering many operations into a regional center node or
hub. Certainly this phenomenon is observed in many air freight

regions today, where huge hub airports have developed near
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cities such as Chicago, New York, and Frankfurt, F.R.G.

This centralization typically means that cargo is trucked to
this airport from great distances, bypassing other large air-
ports on the way. It also may include the scheduling of a
great number of direct flights from this hub to the destina-
tion region. A centralized network may also include inter-
lining between different size aircraft. Here smaller air-
craft flying direct or indirect routes may airlift cargo to
this central hub, where it is transshipped through the termi-
nal and loaded on large planes for the direct trip to the
destination.

To conduct the experiments we will start with a basic
network which is small enough to permit universal trucking
within the region. The tons of cargo at each city will be
approximately even, and the destination region will be close
enough to be within the range of large and medium size planes.
Table III-3 lists the applicable truck and aircraft charac-
teristics, while Figure 3-5 displays the hypothetical base
network.

The five experiments which will be conducted are design-
ed to highlight some of the major differences between real-
world regions. The network will be modified for each of the
five runs, and its performance contrasted with that of the
basic network. Finally, conclusions will be drawn regarding
the connectivity and centralization exhibited under various
conditions. The five experiments (shown graphically in

Figure 3-6) are:
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TABLE III-3

SUMMARY OF NETWORK AIRCRAFT AND TRUCK CHARACTERISTICS

Capacity Range Fixed Cost Speed Variable Cost

Vessel (tons) (mi) ($/1leg) (mi/hr) ($/hr)
Small Plane 10 2000 325 450 1300
Med Plane 25 5000 425 500 1700
Lg Plane 50 7000 500 500 2000
Truck N/A 300 40 $/ton N/A .60 $/ton mi

1. Enlarged Network. The size of the region will be
increased to a degree which excludes intercity truck traffic.
This will simulate a large region in which there is no ef-
fective competitive surface mode, such as Alaska, South
America, or Africa.

2. Geographically Isolated Node. Here a surface bar-
rier will be erected in the basic network which eliminates
truck traffic from that node to any other. The object is to
represent a city which is either on an island or cut off
from the region by a geographic or climactic obstacle. 1In
the model, this will be accomplished by constraining the tons
trucked to and from this city to zero.

3. Long Distance to Destination Node. Using the basic

network again, the distance to node 5 will be increased until




500 tons 450 tons

Standard Distance From a City to its
Airport = 15 miles

Air and Truck Miles

---------- Air Miles

Figure 3-5. Hypothetical Base Network.
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only the long range, large planes can reach it, and then on-
ly from one city. This will enable us to examine the indir-
ect routes which occur, as well as any transshipment activi-
ties which take place at the airport which is within range.
This condition exists in many areas of the world, where in-
tercontinental traffic can launch from only a few selected
points. Many of these airports have grown to be non-central
hubs because of this fact.

4. Tonnage Imbalance. The tonnage of air freight
tendered at one city will be increased substantially, with-
out changing the minimum level of service constraints. This
will enable us to observe the network's reaction to a shift
of manufacturing from one city to another within a region.

It also simulates the growth of one city into an important
"air freight market," producing goods amenable to air carriage,
while other cities remain at current levels of such production.

5. Aircraft Inventory Shift. This run will examine the
possibility of increasing the allotment of one type of air-
craft, while reducing that of another type. This experiment
will be based on the performance of the four previous models,
and the opportunity costs indicated by them for each aircraft
utilization constraint. The experiment will only be performed
on the basic network. The assumption which will make this
substitution somewhat unrealistic is that, although aircraft
capitalization costs are included in the Direct Operating
Costs per flight in the objective function, the "trade" from

one type to another is free. This, of course, is not usually
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the case in actuality. However, for our purposes, observa-
tion of the network, this assumption does not appear to
cause great distortion.

Finally, a series of experiments will be performed on
the base network to determine the sensitivity of optimal flow
to changes in aircraft, trucking, and terminal costs. These
tests are essential not only for understanding why the opti-
mal solution is as stated, but for indicating the probable
effects on this solution of cost changes. The results of
these five experiments and the sensitivity analysis will be

described in Chapter IV.




CHAPTER IV

RESULTS AND CONCLUSIONS

The experimental process outlined above was to have been
carried out with three runs of the Fortran Route Generator.
These would transform the parameters of the three basic net-
works into truck and aircraft costs, aircraft routes, and
origin-destination pairs and segments served by each route.
The three networks involved were the basic case, the enlarged
region (Experiment 1), and the distant-destination network
(Experiment 3). Additionally, each case was to be run with
and without a requirement for intra-regional flight service
and Experiment 3 was to be run with the minimal number of
large aircraft. Also, Experiments 2, 5 and 6 were to assess
the effects of the isolation of a node, a tonnage flow im-
balance, and an aircraft inventory shift, respectively.
Finally, three runs of the basic case were to examine the
sensitivity of the optimal flows to changes in the terminal
and truck costs. This called for 13 runs of the network math
program.

However, developments during the course of these runs
led to modifications in this plan. The first problem was
that of resource limitations of computer size. The original
Route Generator produced the set of routes for the basic

network shown in Appendix II. When this list of 76 possible
57
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routes was translated into math program terms, it produced a
problem with 528 variables and 46 constraints. This was more
than twice the capability of any of the gquadratic programming
algorithms in use at Northwestern. It was therefore decided
to eliminate four-stop routes from consideration, and use
only two and three stop routes.

The next change concerned the use of the quadratic cost
function itself. The average total cost function for terminal
operations shown earlier possessed the convexity required for
use in this program. However, the dependent variable in the
equation was "$/ton," and its use in the objective function
required that the equation be multiplied by a variable repre-
senting tons to produce a dollar cost. This of course would
have left a cubic equation, which was not acceptable to the
program. The solution was to rerun the regression on points
representing total cost to produce a quadratic function di-
rectly usable in the objective function.

This regression was completed, and the resulting equation
was:

y = -.0010339x°% + 18.123x + 2428
2(2.27) (23.7) (12.1)

All variables were significant at the 95% level, but x2 was
not significant at the 98% level. This indicated that the
total cost function approached linearity in the range of the
statistical tests. It can be seen that the function was no
longer convex, but instead described a concave parabola which
would eventually produce a negative cost for extremely large

tonnage values. This presented no immediate problem, because




59

additional constraints could be written which would hold
terminal activity to the upward sloping area of the curve.
Unfortunately, all of the quadratic programming algorithms
will check that the objective function is convex before com-
mencing the solution, and the more efficient programs will
not solve concave problems. Beale's algorithm did offer a
solution for a small experiment, but it would not solve the
same experiment when the requirement for a minimum number of
flights was included. Also, it would not solve the larger
problems due to computer resource limits.

It was decided at this time to use a completely linear
objective function. The following points led to this deci-
sion:

1. With the concave terminal cost function, only a
portion of the experiments could be solved using a guadratic
program; the rest had to be solved by a linear program.

2. The concave function also raised the possibility
that the algorithm would produce an incorrect or non-global
solution.

3. The quadratic term in the cost function was not
significant at the 98% level.

4. A regression on the total cost points produced a

2

linear equation with an R® (adjusted) of .998 with terms

which were significant at the 99% level. This equation was:

y = 16.41679x + 2755
(111) (18.3)

5. Finally, two runs on the same math program, one with

linear terms and one with quadratic, produced minimum objective
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function values which were within 0.1% of each other. This
difference was clearly more acceptable than the problems
which would have come with continued use of quadratic terms.

The final change of plans involved the deletion of Ex-
periment 2, the isolated node case. This step was taken
because early results showed that this case would have been
redundant. This will become clear when the results are ana-
lyzed. The numper of math program runs was therefore reduced
to twelve.

These twelve runs resulted in seven different types of
network solutions. The numerical results are listed in
Table IV-1, while the seven types of optimal network flows
are shown graphically in Figure 4-1. In an effort to compare
the connectivity and centralization of each network solution,
absolute numbers have been assigned to them based on the op-
timal flows. To describe connectivity, the number shown
represents the number of direct flights available between
nodes in the network. A higher number denotes more direct,
non-stop service, and therefore a higher degree of network
connectivity. The number representing centralization is the
number of in- and outbound shipment activities, by truck and
air, at the busiest node. Again, a higher number represents
a greater amount of centralization of activity at one node.
Table IV-1 also lists the minimum objective function value,
or total cost, for each solution, and a reference to the
applicable network solution diagram in Figure 4-1.

Case I, or the basic network, yielded a solution which
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TABLE 1IV-1
TABLEAU OF EXPERIMENTAL RESULTS
Conn Cent Solution
* *% Cost $ Type No.
CASE 1
Base Network 4 2 848,292 1
Cost Sensitivity Analyses:
Higher Terminal Costs 4 2 848,865 1
Lower Terminal Costs 4 2 847,718 1
Half Line Haul Truck Costs 4 2 839,741 1
With X-flights 6 3 875,742 2
CASE II (Experiment 1)
Large Network 4 2 935,533 1
With X-flights 6 3 975,500 3
CASE III (Experiment 2)
Isolated Node (deleted)
CASE IV (Experiment 3)
Long Distance to Destination 4 5 1,476,000 4
Restriction of Large Planes 2 5 1,510,600 5
Restriction of Large Planes
with X-flights 5 7 1,527,600 6
CASE V (Experiment 4)
Tonnage Imbalance 4 2 1,098,771 1
CASE VI (Experiment 5)
Inventory 3hift 4 3 1,237,400 7

*Connectivity = number of direct city pair air routes

**centralization = number of in- and outbound activities at

the busiest node
used only direct city to local airport truck shipments and
large plane airlifts from each airport directly to the desti-
nation node. The next three runs, which consist of the sensi-

tivity analysis of this basic network, give exactly the same

>
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form of solution, at different costs. The terminal costs
were varied to lower and upper bounds which were described
by the 95% confidence intervals on the linear total cost
function. The truck cost sensitivity was tested by halving
the line haul cost per run with terminal costs set at $40
per ton. It was felt that this reduction would better re-
flect a switch to a less costly intercity mode, such as
Trailer on Flat Car (TOFC). None of these changes had any
effect on the optimal flow pattern. For terminal costs, this
result was predictable because they would have been incurred
eventually, regardless of the airport to which the freight
was trucked. There was no possibility that terminal costs
would fall enough to lead to air carriage across the region,
and transshipment to another plane. This was due to the
availability of cheap movement via large freighters, with a
cost savings much larger than potential terminal cost reduc-
tions.

The run labeled "Case I w/x flights" signifies the in-
clusion of a constraint demanding at least five direct flights
from nodes 1 to 2 and 3 to 4. This represents the desire of
a carrier to provide a minimum level of service between
domestic city pairs. The resulting flows are notable in
that small planes are used to satisfy this minimum service
and to haul a small amount (100 tons) of cargo from 1 to 2
and 3 to 4. The cost of adding small plane runs within the
region plus the cost of the additional transshipments at 2

and 4 is less than the cost of having five large planes simply
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stop at 2 and 4 enroute to node 5. This solution was not
motivated by lack of large aircraft, as significant slack
remained in the large aircraft utilization constraint to
satisfy this requirement.

Case 1II, or the first experiment, which represented an
enlarged region, resulted in the same form of solution as
described for the base network. However, when the requirement
for the ten intra-regional flights was added, a third form of
solution was generated. Here, ten large aircraft were di-
verted from direct flights from 1 to 5 and 3 to 5 to make
stops at 2 and 4. With a larger region, the cost of an addi-
tional large plane landing and taking off was lower than that
of adding small plane capacity. This is due to the small
plane's relative inefficiency on longer flights.

Case III, or Experiment 2, was deleted from the program
after inspection of the basic network solution. Since all
cargo was moved by air out of the nodes, it was apparent that
eliminating intercity surface transit for one node would have
no effect on the optimal solution.

Case IV, or Experiment 3, produced three interesting
solutions to the problem of long distance from region to
destination. The basic experiment yielded solution type 4,
in which trucks once again moved freight to local airports,
then large planes carried it to node 4, and finally other
large planes moved it across to node 5. Presumably the
flights from nodes 1, 2 and 3 should have been flown with

only a refueling stop at 4, but this was eliminated by the
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Route Generator because the daily utilization would have
been nearly 18 hours for these planes.

Variations on this experiment produced two additional
solutions. When large planes were restricted to slightly
more than the plane hours required to move cargo from 4 to 5,
solution 5 resulted.2 Here all cargo from nodes 2 and 3 was
trucked to node 4, while the cargo from node 1, the farthest
from node 4, was flown to node 4 on the remaining five large
planes and eight medium planes. This produced the lowest
connectivity and a moderate degree of centralization. The
sensitivity analysis provided by MPOS showed that the decision
to ship by medium plane or by surface mode would be highly
sensitive to the relative costs of the modes, and that a 10%
variation in these costs may have changed the optimal flow.

With large planes still restricted, the intra-regional
flight requirement was added. As solution 6 depicts, this
problem resulted in a variation of solution 5. The network
showed both high connectivity and high centralization. Five
small planes carried freight from 1 to 2 where it was trans-
shipped to one large plane and carried to 4. Freight ori-
ginating at 2 was trucked to 4. The minimum service require-
ment from 3 to 4 was flown by five medium planes, and the
remaining cargo from 3 was trucked to 4. Once again this
form of solution was shown to be highly sensitive to costs,
particularly truck costs. A 10% increase in line haul truck
costs would have led to air shipment from 2 to 4, while a 15%

increase in local truck costs would have resulted in surface
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carriage from 1 to 4. The least efficient aircraft used
were the medium planes from 1 to 4. Had there been an addi-
tional eight hours of large plane time, large planes would
have flown this cargo.

Case V, or Experiment 4, which analyzed the effects of
tonnage imbalance, differed only in overall cost and number
of large aircraft flown from the basic network solution.

Once again, all flights were direct from local airport to
destination.

The last experiment, run as Case VI, reduced the avail-
ability of large aircraft to 20% of its former amount. This
test was designed to discover the optimal use of a limited
large plane inventory. The result (solution type 7) showed
that large planes were utilized on the shorter runs from 2 and
4 to node 5, while medium planes provided direct service from
1, 2 and 3 to node 5. Interestingly, about two-thirds of
city 1l's tonnage traveled by truck to node 2 while the rest
was flown from the local airport to node 5. This example ac-
centuates the instability of the optimal solution when line
haul truck costs are compared with medium plane transport in
the 200-300 mile range. Had the truck costs decreased less
than $2 per ton, surface shipments would have moved freight
from 1 to 2 and 3 to 4. The medium planes were completely
utilized in this case, while small planes were not efficient
enough to enter into the basis.

To summarize the results of these experiments, it is

apparent that for inter-regional movements large aircraft are
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always preferable to small and medium aircraft. For longer
intra~-regional legs, such as from node 1 to node 4, large
aircraft still have the advantage. But for shorter legs,
small and medium aircraft are most efficient. Line haul
trucking costs will generally restrict the use of trucks to
local airport freight deliveries when large and medium air-
craft are available. Some intercity surface movement occurs
if small aircraft are the only alternative.

The imposition of minimum level of local service usually
results in some cost to the network. This cost can be measured
in the difference between the two objective function values.
These additional flights should be performed by small aircraft
to minimize cost, unless the alternative to these intra-
regional flights is surface transport. In Case IV, medium
planes moved freight from 3 to 4 when no large planes were
available, but trucks rather than small planes moved the
freight which exceeded the medium planes' capacity.

The solutions to the networks were generally stable,
that is, not subject to change with small variations in para-
meters, especially regarding the basic network. Although
few actual cases of multiple optima were observed, the imposi-
tion of minimum level of service criteria did lead to some
choices among alternate routes which were nearly equal in
cost. Some examples of this phenomenon were mentioned earlier.

The basic cases, with no restrictions on aircraft usage
and level of service, tended to use large aircraft on more

connected, less centralized networks. This is in contradiction
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to some models which are based on overall travel time minimi-
zation. A fleet of larger aircraft must give a lower fre-
quency of service than comparable capacity in smaller planes,
therefore the cargo spends more time waiting for a flight.
Connectivity and centralization did increase with the addi-
tion of minimum service constraints, but the only strong tend-
ency toward a hub-type operation occurred in Case IV, when it
was assisted by the addition of geographical constraints.
Even though increasing returns to scale in terminal operations
were not considered, some centralization into hubs did occur.
This tendency could have been more pronounced had returns to
scale been considered, but thils remains a topic for further
analysis.

It must be noted that these results apply only to the
hypothetical network described here. Care must be exercised
when drawing generalizations from any particular air freight
network, especially from one constructed of a non-existent
region using average transportation costs. Nevertheless,
there are a few points which must be made regarding optimal
flows in air freight networks.

The experimental results show a degree of interrelated-
ness among the surface, terminal and air phases of network
operation. This relationship implies that system optimiza-
tion affects the cost and routing of freight through the
three sub-systems. Conversely, externally imposed cost and
routing constraints such as increased service between region-

al city pairs will affect the optimal system performance.
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Attempts by participants in the system to impose these
external constraints are usually motivated by corporate
optimization (profit maximization), but could lead to less
than optimal performance for the entire system. Another
source of externally generated constraints is economic requ-
lation. The usefulness of this model to these two parties,
who are not always pursuing overall system optimality, is
as a tool with which to estimate the impact of their actions
on system performance.

The results of these experiments show that modal choice
between surface transport and medium aircraft is highly
sensitive to the cost of these modes. This should demonstrate
both to corporate rate makers and to economic regulators that
costs imposed externally on one mode can significantly change
the optimal network flows. For instance, in one case men-
tioned above, a 10% increase in truck costs would have led to
the abandonment of truck service for air freight on that route.
A model of this type could be useful in predicting specific
instances of high sensitivity to modal costs.

This model is an initial attempt to describe a large,
diverse system and it will probably not satisfy the particular
needs of an analyst. 1In each of the three phases of operation
there are constraints specific to that phase which would
probably better describe the system. For instance, optimal
truck and aircraft routing will depend on backhaul availability
and maintenance locations. An air carrier's fleet composition

will depend on capital and air frames available. These and
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many other possibilities were omitted from this model for

the sake of simplicity and flexibility. Despite these
omissions and other simplifying assumptions, the model does
select a minimum cost cargo path through the network, given
somewhat realistic parameters. All the solutions reached
during testing and experimentation were viable and intuitive-
ly appealing, although the need for more advanced experimenta-
tion is clearly indicated. Perhaps the most logical step
would be to apply this package to an existing air freight
region. This would not only test the validity of the under-
lying assumptions, but would also point the way toward the

most productive modifications to the model.
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40e T15434T¢4)13¢726434T3323+¢T33434T50a3¢T50414T751434T7516424T5243+75245~
LUFLli5=LUFl2e=1l0F133-10F150~-iUFld]l-
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ldPOb VerDLION 4.4 NORTrwe>TERN UNLVCRSITY 84

CXEB AR E R KRR R S K
Iaggm NUMBEK 1 %
IR EZERREEREEFR S ¥ YEY

PREVISED
ReiGHT NeclwukK CastE One (SASIC NETAGRK)

2or2id=cobteea=¢oFe33=25Feou=2%F2oi=25F22~
’ SUF319=L0UF324=30r333=50F3950~=50F351=5CF3024LE.O
T25.5412545+4T1045¢0734204T3445+T4335+743645~
2oF2L6=cHFR225=22F234-25F243-50UF316=-90F325~30F334-50F343.LE.0
Lo 9FlOULleleFFlU24262F iU3+4)e9FLUSH242F 00+ e FFLlUT+Le9F109+24,2F1 104261l 1iit2.2F113
1oOF 114420 1FiloeaelFill7+349rF11l84+4,2F1¢0+4.0F121l44e2F12344,3F124+3,9F12644.2F127
4eCF1l294443F 13049 .2F13244,0F13343.9FL3544,2F15304+4.¢2F13084+4,2F139+4,3F141+¢4.0F142
4e2Fle49+4,2FLla043 4y 14T+442F108440F150+443F1514LEeb0O
LeOF2Ui+1le9F20R¢2¢1F2C3+9e5F2C4+1iGF2CY42,1F206+19Fz0T+9,1F203+1.9F209+42.1F21C
240F21149.0FR2L2+424ir2i3+41¢9F21442.0F2Ll5+9.0F21614,0F217+43,8F2l0+11.0F21v+
4 0F220+3451221+11e4F222+4440F223444it224+L1elF2254¢3.,8F226444,0F227+11.4F223¢
4,0F229+4¢1F230+411.0F231+4,0F232+43.9F2334)0.9F234+3,8F239+4,(F236+11.4F¢37¢+
DeUF230+4,UF259+L1e2F240+94iF24143,3F2424110F24344,0F244444,0F265411.6F246¢
3eBF24T7T440F2434,1e0F249+3.9F2c50+4elF251+41145F2524LE4500
LeFUF304+4,90F30242.14F30349,50F304+1.90F30542414F306+1.90F3J749.10F306¢+
L1eFUF30942e14F3i0+2s0UF31149.50F31242e14F31342.00F315+9400F316+4.04F317+
368UF3Ll3+1)lsuF3i9+4,04F32043,90F321411s4F32244,04F323+44419F324+11414F3¢5¢+
3eBUF326444J04F32T+1Le4F32044,U04F329+4414F330411464F33144,04F33243,90F333¢
1Je9F334¢3,6F3354¢4,U4F336411.4F33744.04F33b6+4404F33G+11e24F340+4414F341+
3.90F3424014J0F343+44.09F34444,04F349+1164F34643,80F347+4,04F343+411.0F343¢
3.90F350+4,14F351¢.Le5F392+149F314elEe>00
RNGOBJ
RNORHS
gPTiMIZe
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1e

EXAMINE:
ORIGINS:

DESTS: NODES

ACFT TYPES:
SM, MED, LG

NODES

START
PROGRAM ROUTE

DIMENSION AND
INITIALIZE VARIABLES

B

READ NETWORK AND
ATRCRAFT DATA

COMPUTE FLYING
TIMES AND AIRCRAFT
AND TRUCK COSTS

LIST NON-STOP
CITY-PAIR ROUTES

WITHIN

AIRCRAFT
RANGE

THIS IS A VALID
ROUTE: FILE IT

COMPUTE ROUTE
COST AND HOURS

SORT AND NUMBER
ROUTE NUMBER BY
0O-D'S SERVED AND
SEGMENTS CROSSED

ELIMINATE
THIS ROUTE

FOR THIS
ACFT TYPE

—
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EXAMINE:

1. Routes gener
ated by last
loop

2. Nodes 1-5
for next
leg

3. Acft types
Sm, Med, Lg

®

T

ADD ANOTHER LEG

ON PREVIOUSLY
VALID ROUTE

AIRCRAFT No

87

ELIMINATE THIS
ROUTE FOR THIS

AIRCRAFT TYPE

ROUTE
LOOPED
?

ROUTES CAN-
NOT BREAK

ouT OF A
LOOP-ELIMIN.

THIS IS A VALID
ROUTE: FILE IT

COMPUTE ROUTE
COST AND HOURS

1

SORT AND FILE
ROUTE NUMBER BY
0-D'S SERVED AND
SEGMENTS CROSSED

HAVE
ANY bm“s

RTS BEEN
ADDED

PRINT: ROUTE LIST
O-D LIST, SEGMENT

LIST, DATA

1
STOP
PROGRAM ROUTE

\ 4
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1

MAX UTILIZATION OF ACFT, HRS/DAY

12.006 12.C3D 12.000
MAX RANGE OF ACFT, NON=STOP, HOURS MILES
2000.006 5000.,000 " 7000.,080 ° - -
FLYING TIME BETWEEN AIRPORTS, SM, MED LG ACFT - s
1.500 1,944 1.944 2.214 99,000
1.944 “1e860 T U 26211 10964 " 99,000
1. 944 2.211 1.500 2,056 99,000/
2.211 1.944 2.056 1.500 99.000
99,366 © 799,000 T 7 994,306 99,000 T 14500
1.500 1.900 1,900 2.140 9,500
1.900 1.500 2.140 1.900 9.100
. T 14900 T T 24140 T4 4500 2.000 - ‘9,500
2.140 1.900 2.000 1.500 9.000
9.500 9,150 9.530 9.000 1.500
1.500 T 1,900 " 1.900 2.140 "94500]
1.900 1.500 2.140 1.900 9.100
1.900 2.140 - 1.50¢ 2.060 9.580
2.140 T 7 1.900 T 24000 "1.500 "9.000
9.500 9,100 9.500 9.000 1.500
COST OF FLYING SEGMENTS, SM, MED, LG ACFT
2275.0G6¢8 2852.778 U7 2852.778 3199.444% " 13830.556
2852.778 2275,000 3199.444 2852.778 13252.778
2852.778 3199, bul 2275.000 2997.222 13830.556
3199. bbb T T 2852778 T TT2997.222° T TT2275.008 0 T 13108.333
13830.556 13252.778 13830.556 13108.333 2275.000
2975.000 3655.000 3655.000 4063.800 16575.000
3655.300 °  2975.000 T 4063.000 " '3655,008 T15895.008
3655.000 4063,000 2975.000 3825.000 15575.000;
4063.000 3655, 000 3825.000 2975.000 15725.000
T 165750300 7 T T45895.0008 7T T T1657540008 0 TTT15725.000 T T 2975.000
3500.000 4300.000 4300.000 4780.000 19500.000
4300.000 3500.000 4780.000 4300.000 18700.008
4300.000 T 47864000 T 7 3500.000 7 "4500.000 7 "19580.000
4780.000 4300,G00 %4500.000 3500.000 185008.000
19500.000 18700.000 19500.000 18500.000 3500.000
TRUCKING COSTSy CITIES TO AIRPORTS N
49.000 160.000 160,000 232.000 * ,999E¢09
160,000 49.000 232,000 160,000 * ,999E+09
ST 1606000 7T T TT232.000 T T TTTTTTR9L,000 T T T 1904000 T T L 999E409
232.000 160.000 190.000 T 49,000 * ,999E+09
* ,999E+09 * ,999€E+09 * ,999E+09 _3_gpgssfgs~ﬂ*~_{“,9995399J
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RTE, NO, STOPS ON ROUTE SM AC, HRS=-COST MeD ACe+ HRS~-COST G ACce HRS=CpoST
b § 1.2. 0 0 0 G 1.9 2852.8 1.90 3655.0 1.90 4300.0
2 1.3. 0 0 0 @ 1.9 2852.8 1.90 3655.0 1.90 4300.0
3 1.4 0 0 C 8 2.21 3199%.4 214 406340 2¢16 4788.0
'} 1.5 0 0 0 0 RO S I 9.50 16575.,0 9,50 " "19500.0
5 2.1, 0 0 C C 1.94 2852.8 1.90 3655.0 1.980 L300.0
6 2.3, 3 00 O 221 3199.4 214 406360 2014 4780.0
R 4 2.4 0 0 0 O T 1e9% - 2852.8° 1.90 365540 1,90 - 4300.0
8 2.5, 0 0 0 C 1 I 9.40 15895.0 9.18 18700.90
9 3.4. 0 0 0 8 1.94 2852,.8 1.90 3655.0 1.90 4300.0
10 3.2 000 O 2421 3199.4 2e¢14 4063.0 2414  4780.0
11 3.4 0 0 C O 2006 2997.2 2.00 3825.0 2.0 4500.0
12 3.5. 0 C 0O I 1 9.50 16575.0 9.50 19500.0
13 bede 0 0 0 0~ ~ 2624 ~ - 3199.4 2.14  4063.0 2.14& < 4780.0
16 he2, 0 0 0 O 1.94 2852.8 1.90 3655.0 1.90 4300.0
15 4.3. 00 2 & 2406 2997.2 2.00 3825.0 2.00 4500.0
16 4.5. 0 0 0 ¢ T r 0 1 9.00 15725.0 9.00 ~18500.0
17 1.2,3. 0 0 O 4416 6052.2 L.04 7718.0 4.04 9080.0
118 1e2.4e 0 C O 3.89 57G5.6 3.80 7310.0 3.80 8600.0
i19 - 1.2.5. 0 0 0 . 1 1 14.00 © 19550.0 11,00 ~ 23000.0
20 1.3.2. 0 80 G %.16 6052.2 bel& 771840 Lelb 9080.0
24 1e3e4e ¢ C 0O %00 585d.0 3.90 7480.9 3.99 8804.0
22 1.3.5. 0 0 ¢ R SEEEE S R & Y "20230.0  11.40 - —23800.0
23 1.4.2. 00 © Ge16 6052.2 bell 7718.0 be 04 9080.0
12t 1.43. 0 0 & 4,27 6196.7 Leld 7688.0 hell 9280.0
‘25 1ekoe5., 0 0 0 IS S T 711.16 19788.0 "11.16- 23280.0 -
26 2413, 0 0 O 3.89 5705.6 3.80 7310.3 3.80 8600.0
27 2elelbe 0 G @ 4416 6d52.2 4.04 7718.0 LoDl 9080.0
28 Rede5. 0D 0 - I 7T 11e40 © 2023040 11,60 - 2380040
29 2.3.4. 0 0 O helb 6052.2 GheOl 7718.0 hoelb 9080.0
j30 2:3s4 0 C O he27 6196.7 Lolle 7888.10 bholl 9280.0
‘31 2:3:%. 0 0 O ‘ 1 T 11466 20638.0 11.64 - ~246280.0
132 2.4.4. 0 0 O helb 6052.2 beO4 7718.10 Le 06 9080.0
33 2¢4.3. 0 C G 4e00 5850.0 3.90 T483.0 3.90 8800.0
136 " 2eke5. 0 0 C o I " 1098 77 1938040710490 - 22600.8
35 312 0 0 O 389 5785.6 3.80 7310.0 3.80 8600.0
36 3elebe 0 0 € 4e16 6052.2 L.04 7718.0 4.04 9080.8
37 3.4.5. 0 0 0 S S S & Y Y B 202300 11,40 -230800.0
38 3.2.4. 0 0 C 4.16 60652.2 belb 7718.0 4.04 9080.0
39 Je2sb4e 0 0 C Lelb 6052.2 hoell 7718.0 Lelb 9080.0
40 " 3s2.%. 0 0O e L L c1de 2 7199580 0711020 23608060
L1 3.4040 0 0 0 he27 6196.7 bo1l 7888.0 Lells 9280.0
42 J.ke2 0 0 O be08 5850.0 3.90 7480.0 3.90 8800.9
%3 3.40% 08 8- - 1 -1 11400 01955000 11400 2300040 -
by bele2. 0 0 0 he16 6052.2 belb 7718.0 b. 04 9080.0
L5 hele3. C DO O 4416 6052.2 o0k 7748.0 Le04&4 9080.0
“ BedeSe 0 0 0 D 114066 20603860 12068 T 2628000
o7 be2.4. 0 0 € 3,089 5705.6 3.80 7320.0 3.80 8600.0
L8 4.2.3. 000 belb 60%2.2 belb 7748.0 Lelb 9680.8
89 7 7 4268 DO O T T 134000 71955040 12500 2300040
50 4e3.4. 0 0 O bo00 $850.0 3.90 748340 3.90 8800.0
51 4e3.2. 00 G0 be27 6196.7 boll T7888,0 hell 9288.0
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75 %e301e2s 0 O S.94 8702.8 5.80 11135.0 S.80 13100.0 |
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1.

System Description:

TRUCK PARKING
LONG HAUL TRUCKS
LOCAL TRUCKS

CARGO IN

96

HOLD FOR

c ODD CARGO
—_———— STORAGE

DEPART.

L @‘TIME

LOOSE CARGO
STORAGE

4

PALLETIZE
LOOSE CARGO

‘P;
|

CARGO OUT,
PALLETS
. AND ODD

| cm—

CARGO IN
PALLETS & ODD

AIRCRAFT PARKING
SMALL, MED, LARGE AIRCRAFT
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' 2. Simulation Flow Chart :

Segment One: Inbound trucks

GENERATE LINE GENERATE
HAUL TRUCKS LOCAL TRUCKS
P ] §
ENTER TRUCK
PARKING
)
ADVANCE:
UNLOAD TRUCKS
LEAVE
PARKING
‘ SPLIT
)
LOOSE PALLETIZED oDD
CARGO = % CARGO = % SIZE
LOOSE PALLETIZED CARGO
[ sorr 17 "} {  sorrIr | ENTER:
] | ODD STORAGE
ENTER: R: |
LOOSE STORAGE ALLET STORAGE I TERMINATE I y
r_#ﬂﬁ'] | TERMINATE | ‘

l

l
il APPROIX 1112
{
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Segment Two-
Inbound Planes

GENERATE
INBOUND PLANES

¥ 2O,

' ENTER
AIRCRAFT PARKING

SPLIT j

ODD CARGO
= % ODD

l

|

i |
] |

l

FORKLIFTS
ADVANCE : ROUND
TRIP TO ACFT
ADVANCE: UN- ‘ DVANCE :
LOAD ODD CGO. AD PALLETS
- LEAVE LEAVE
FORKLIFTS MHE
ENTER: SORT
) ODD STORAGE PALLETS .
ENTER THRU
TERMINATE
. | ] PALLETS STOR. o
#
L}
BREAK DOWN
’ L AND SORT
- ‘.££2§EISQ§QQ.A
T ENTER LOOSE
) CARGO STORAGE
£ 1

I TERMINATE I
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Segment Three:
Outbound Planes

GENERATE ) )
UTBOUND PLANEJ (1 hr. Prior to Arrival)

Sm. to Medium PLANE

SIZE

OF EACH

ASSIGN SMALL

PLANE CAPACITY

[

Med. to Large
5

DISTRIB
?

[ 4

.
I 4

ASSIGN MED.
PLANE CAPACIT|

%

< OF EACH

?

ke

|ASSIGN LARGE

L.
.

¥

COMPUTE OUT-
BOUND LOAD-
LOOSE PALLETS
AND ODDSIZE

DOES THIS
LOAD EXCEED
CARGO AVAILABLE
IN STORAGE?

TAKE IT ALL

ANY CATEGORY
OF THIS LOAD EX-
CEED ITS STORAG

Yes

b

LEAVE ODD, EMPTY THE
PALLET, LOOSE LOW STORAGE
STORAGE 1

—k

MAKE UP LOOSE

IVE EXTRA CAP
TO OTHER CGO.

PALTS ‘a ]

ENTER PLANE-

ON READY
| No ING Yes &
TIME YET —— _

Wait
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-

PALLETS ODD CARGO

l SPLIT L
ENTER: TAKE ENTER: TAKE

MHE (LOADER) FORKLIFT

. 3

TAKE PLANELOAD] TAKE PLANE-
PALLETS LOAD ODD CGO
FROM READY FROM READY

' _l

ADVANCE ROUND ADVANCE ROUND
TRIP TO ACFT TRIP TO ACFT

ADVANCE-LOAD ] ADVANCE-LOAD
ALLETS ON ACHT ODD CARGO
LEAVE THE LEAVE THE
MHE FORKLIFT

et

LEAVE ACFT l_TERMINATE |
PARKING RAMP

i
!
!
|
|
I
|
|
I I
l
!
!
I
i
i
i
\

TERMINATE

TIMER AND
REPORT GENERATOR

GENERATE
JEVERY 100 SEC.

TABULATE 4
STORAGE VALUE

END
No Yes

OF SIMULA-
& ION YE ¥
| TERMINATE | COMPUTE ALL
COSTS

—

PRODUCE END :
REPORT :

APPENDIX III-S

¥ — ST




*

2
>
&

TR GBS S e ..

101

VARIABLE DESCRIPTION LIST

GPSS CURRENT

NAME VALUE UNITS MEANING

APCST 9 $/day/sq mtr cost of acft ramp (rent + construction)
DTARA 1440 sq mtrs parking area used by 10 large trucks
DTCAP 91000 kg avg load of 10 large trucks

FOCST 159 $/day cost of forklift, operator, supt crew
FORCP 4500 kg/forklift cpety of forklift for odd cargo

LOCDX 100 /100 location index

LPCAP 60000 kg/plane 1lg plane cpcty, @67% load factor
LSCST 8 $/ton storage cost for loose cargo

LSSST 300 $/hr cost of mech loose sorter, men, docum.
LTARA 700 sq mtrs parking area used by 10 small trucks
LTCAP 3650 kg avg load of 10 small trucks

MACST 480 $/day wages for pallet-building team

MHCST 277 $/day cost of material handler, load team
MHECP 18000 kg/loader cpcty of pallet material hand equip
MPCAP 25000 kg/plane med plane cpcty, @67% load factor
ODCST 38 $/ton cost of odd cargo storage

ODOFT 100 kg/sec offload rate for odd size cargo

OTPSZ 5 selects combo of med & lg planes

PCTOD 250 % (pts/1000) % of shipments which are odd size
PCTPA 750 % (pts/1000) % of acft loads palletized

PCTPL 200 % (pts/1000) % of truck shipments palletized

PCTSM 500 % (pts/1000) % of outbound planes of smaller type
PKGSZ 1800 sq mtrs ramp space regd per 10,000 kg load
PLCST 23 $/ton cost of palletized cargo storage
PLOFT 24 sec/kg x 1000 time regd to offload pallet from acft
PLTWT 2500 kg/pallet avg wt of loaded pallet

PSCST 20 $/hour cost of palltzd cargo sorting & handlng
RDCST 48 $/10 tons cost of storage space on ready line
SPCAP 10000 kg/plane cpcty of sm plane @67% load factor
TNPXS 500 tons amt cargo arrvng by air for air dept
TNTD 500 tons amt cargo arrvng lg trk for air dept
TNTL 500 tons amt cargo arrvng sm truck for air dept
TPCST 6 $/day/sq mtr cost of trk pkng area (rent + cnstrctn)
XLOS 600 % (pts/1000) % air-air xshppd pallts to be resorted
XPAL 400 % (pts/1000) % air-air xshppd pallts as thru pallts

APPENDIX III-6




Ve o

SlaviaTe 102

5t
R KRR U O T LSRR RA R IR R AR A RN ARG RRLRERER R FRRE XL R RN R FERREE R RN K
%

N oo Tion Yy .
shvrlar sy Rbirenr /o Xsircar /s rtSPLAr s 2 ttrCar

“mrs rose Tion Pl
s XSSP LAY/ AP Lal g AL e Cnr/y XEAPCAP /) XELFLure
Cnrav PuNLTlun AYOT P o2t
vAhsoronr/fyksnaruallsheirentlsvibornv/asveulPlay

Ar oLy BT aut KNZsu 2

\))?./u‘)o.-.l‘vloé\)u.:(.(_'/o.‘i!oJJL‘/o"’oLL'I/o:I}cDL//oQ,c"/l;/OZIlOZ/c?'J).L-i)
.:,l.';/.f.‘u;.-;al.c;:d.;dl-9;2.3/.75:2.)2/.’1";Z.ci/.v.‘;:Z.%v‘/.?o;'}.Z
e 3l r 30l a1 e9l a9 19400 e 39502 e 79 300l o399/ 61958658
Tttt FoneTron F3sic
PN A S
Sen Fere ba 2 QiPRwr LY R . - . o - .
ISV PN IVINE X PV B SVIVISTV P SVIVY VIR SIS L W A S VI VIVP S B AL W AUS VIV VPPN IN I ARV RS IV 0 POV
Cuvdurlde st lIuius2b68/ 650wl 2837900530/ 100CUUy 3167123300540
LA00uur 37000000 nuiGl Lu0C0s4267cCCO00L»a7/7220000500/3000uurban
EreX E Ay AN AL P REREF RERLAL IR R RAFLRTN RRT AR T RRKKATRR XX R AR R kR
s IY svakaasbis (e Ve T PLITU)+(PAt oS LoSTOI+(POICYSE05TT)
SUeNY FUAREaBL: (57730 10UUC)*FNESURT/(ZL/5) 430
vzl rvewibArie  vECCITatvabalosT

o3l Fva~imol:z VEPRUST+HVESTIOTH+udSuioTl+venia il+verDCoT+y smdCST
o1 rVasxtaobs ARC2o1®109C0/viTnwIlld
LalNE FVasialtls téoGi A TiNFRox e X3orcar)

Lad P Fua2insLd (euv/ LlvsTinTaT®ivua)/FENICAPAY)
AT ryaxiasbo 14900/7VENTD

iaic rvaxtaobts _Lla4uv/vinNit - o .

Lav sl Pvar adls (L20Udtr{ALTINTL A TNTO I #2442 LTS L0)

LuraV Vaxlagl® YoobPua® Yt el o/ idultadrirar*«(luu=xtiPLlSM) /100y
Lddol Py a3l Pa®XALALIN/1I0U0. L L e el _
Lox Fyaktas3te FE¥ACLuOUu=XHErCTUU I 70000 *((LuQU=ansPrCTPL)/L900L)

Loon FVmRIAYLZ Parsi0+ey

Gaesl o PvaRiAnLe (Lour o EMAKUPH(STEMARKUP /300 ) *AHD AL V) ¥ XHILUC UK/ 10U
N Lr PV aXikIbe a4/ s0tcu

ool FYeNLadLz Ve SL¥(AHBLLCWA/LILU)

St decaorvadiadls (oAFURKe L )R X SCSTHISAIMAE L LRXS (ST
NEUKN FVARLABLE {Ps/ Xk P)+]

feave FVANRLASLE ALTNPAL®LO00/ XS0 CAP

TETIE tvadinbbe (r3/Aabdrablr)+l N

Noly FVariasts vaINfuT4#1l0Uu/ENSCAPAY
N rvax i aolz ABTinTurtuuUG/XK30TCAY
el o rvmcimdte & INTLxLOUUIXILTCAR
GUZEF rVaklatle PZ¥xiner(TOD/LIOGO
Sudirl Fverliadle P3/XAAdd0dFT+120

var rvartaple  PL®(xHirCTOO/2C00) . -
Fals  rvaxlaglzs  PaskxdesPAL/10OU

PALYT tverlasle VIPKIHL/260

PrRool bFvasiAdba (513 P RuMASIAPCOTHLALTRERK* XHSIPCST )2 (XHSLLCDAZ10w)
PAGYL FVaxiagls  P2AXALFKSSZ/1U0UL

Peob b bvaxjiaol: F22XAP TPA/LUCUTED

o

APPENDIX III-7




PLUFT
Ploun
rour.

Dol
oot
CHIVAS |
,)J\.Jl
STesT
Shooid
IR
Jel Y
ATna

%

*E RN LS
. -
nweEdy
Fdras
LJud=
Moy
JUS
Pail b
Trea,

»

Rode R R Y,

103

FVaRladbe ro¥XAiPLUFTZ1000t6Y

FyAR LA (P37 XKHLPLTRT) ¥hu+tu ) .

rvalaesLes Pe# (0 LduU=2nd Pl o) raoGul*=(xAsPCIPL/ICOV)

[V R CRELIAVE R T SV IVIVER B A& VT RTIVr PRVIVE WV SR VIV I 2V

ryvaxiaclts SerLyTuesdloolEeSiLoila . . . o
rvas]lunilc veoouedot{SLtrLORT# TEPLSAI*(XHEPICST/ 30Uu) +30)

rvark jhusis (oosLos T TiL oot ®(Ama LSS 0T/ 300 )+ 00 )+ AHILLCUA LU
rVLa<ialie (vpST oo i/ UL+ U+ VvEINTLOTI#(XADLUCDOA/LuwD)

Fimindte sedbbeoldeamde LCoT oML ol o Rn AL oo T3 dUdTI%¥AN0ICST
fvarkidnt - AiToTovasINToratinval

PUaRLaslz  Adsirlar¥*antro s i/ dbusiileCars( udl=XnsPcToM)/ Loty
FVAR LAaB LS Fe=t 3=p4=be

R L L R L R N s R NP T T R
VAL PRI Ly LULVCL L

Pmolc  Serfdrny)lUplsly o o L
[ SELaoTlsUsluuulurel

Tasi: YiMinsCois 2y

ALt SpudaTdsdriuwliulus 2y

{astt EET A R VIS KV IVIVIVICR WA ]

TAasL e seinFrRsusrvCUrly

AVEVALUR > % %% % o 0k 8 AR R KRR o R AR AR R R e R R R K R R o

%
gt b lac KeTnRI Lo WO/ RITNTS»S50C/XBINPAD» D00/ R2LIroLs>
t31iTial XHIUTAXAs L44G/ X0 AP Y Luu)IXHOL Il ANA» TOU/ AELT AP 3833
N LA XboPCAP s LUlUU/RINPCAr s vt AELPUArIBLU I
o aeaTiab  xnbpCluDscs0/araPCiPLy e U3/ XREPKB5 Ly LoCU/KIARESPy P8 Uy
ivifaatb XKIFINCP Ao OUiXAYPCTPA TOulAHIPLIFT 9247 A0SXPALY 40OV
aNidilat XHIALUS» OGO/ A UlUr 1o LG W/ AAd3PCT DML Q0
Iniilat XABPLTIWT» 2500/ a8 UCDRs L300 |
ddiblel AbarCoTra/XkriTreSist
INDbLal XedoPurouT s 227 k2L sC31s/ A4s3UlSTr o
o aNaTaat 0 xmeLlS o T 300/ /AP ST e e G/ XABRDC TG0
LAt AHinuCol:ﬁcO/xLFuLJ];;.Q/XBMHCDTy«77
*
5FxarrdAfN PKUquﬂ*##***ﬁ**#vv#*##ﬁ*&?#******#f*?}***f}*****f§#¢*k###¥1
%
EOcUMLNT uNn = INCUMNING TRUCKSR#¥AFEAFRIUABKARSERERRE AKX EHK L XRRRRK DA R R & &0 4
X senirRalce VIIATL s ENSXPUIS»sVINTLs»sF GeNcRATEL SMALL TrJUCKS
4 _ S ABS LGN CHX¥LTCaAyYy aSSiGn SMALL TRUCK CAPACITY |
3 A3d10N La XL 1ARA te PG >LLE
4 A2310N 391 UNLJADING FUNCTLON INPUT
R 7 1 O D ¥ V) B e oNB Ly LARGE TROCKS
o GeNERATE Vv IaTUsFNSXPDLISssVINTDs ssF GENERATE LARGE TRUCKS
7 a3 iGN 2o k10T AP ASSIGN LARGE TRUULK CAPACLTY
5 RV 1y Xrds2TARA ) " . PARKING sIZt B
g A5 6N 32 bNLduDINb FUNLIION INPUT
il Lul cnTex TKP-KyP] “eNTex PARKING LOT
i i ComuvaNye 0 FNBTKIFF, 120 . uNLUAD dHe_Yxle<
1< Leéave T rERyrl LE AVt bakiKlbhe LOT
i3 SeisT lyluDse UJID SiZe CAKSL IS GENERATED
APPENDIX III-8
ooy I g




39,
S
e

-

sh

PR
30
J-l
PXe]
39
ty
41
2
+3
&

EZE I

tL oL

G
14
+
1Y
-
+4
re
)
4

v

wo
27
s,
L
“J
0l
22

*

*

SeLt T
ADSQGN
L NT=w
ADVANLEL
o Lzav:
enNlEx

TewrnInaTlz

Pac.l cvlow
u.).)i.un\‘
AdVarug
LzAve
enToK

[:Kl'nil\k\ri

QU054 tNicx

j=aMi~valz

Scv ol Led

CENZRATE

AsoLloN |

PR IRCH
enlor
220t
Ao3si1 9N
cvlox
AUVANCL

HRUV Ay L

T:‘\ALI\

Loava

A -

Leave
cnvlbix
A33Lan
N

e L oAuvANLL

e
Lowsve

enlin

JorArnaTle

ad3LON

alzow

LUy

. L RUVANWEL

auVARlCLE
unfex
Lokveo

TigranaTe

LuvaNCE

- LN

ooncRATC

#33106N.

TrRANDFER

ASSYTON
- ol J.
Ldmck A5 IuN
RAM?  ALSULiUN

lesPalLZT

Gy Vil ok

Loyxi

VILSLOKy LY
oo d o

LtoxTdere

CPLGOKIT
SaviPoK
VerLYOR 30
PLsRT
PLSTuUNPZ

GOST Iy VEISK

Viialibkss TecoCosvenliINPsps F eNSRATL Insuund PLANES

ZeKioarlar

levirnudl

PRGy P L
._ﬁ"-]u") .
39VaPLOFF
MoaZsvinpnt
VeBUINYs 40
VEPLGFTS LU
MHC v EniHE

st Lo
VePLLIR» 30
Feoad

FLolusvtrPAaLS
4y VILUOdT
LoSwi

R TR R . SN

LyorT
LoSTizy Py

3, VELULFF
ruckKs VeNtr kK
VBOLUF Ty 30
GJ3TJsP3

F Rk VENFORK

VHIAUTP»» L0BUOSVBNITP»»F START o bR FRIOR TO ARRIVAL

4y K3¥3TPLL

o XALPCTEMs »LOWeER

2)FiNLCAPS

. _-RAMP_ .

2srNBCAPA
LyViIPKGESLZ

APPENDIX III-9

VaduunNnTylv .

LLave

LuNU PLANL SERF R MR RRRRGR RRRFRL R ERURE R SRR RN F kX

SEaubiln T TARED = GUTBUUND PLANESH A # b ¥es r X ab khR AN A H A KRR ARRRR R KRS SR A

CkALLETS BeCue LLloe CUJ+LURIED .

L lNE

104

PalLieTaleo J4kGJ I3 ozNewalid

Luboz Carud LN SHiLPMenNT
eNTEk LOLS:Z CARLU >U0RTER
skl 11

Leave Tde 22%kT=k

ENT=R LOusE 5>TJIKAGe LInS

PALLLTS ¢nWTER SOKRTer o
PatieeTiZeD vakod IN LAdiPncnNT=Ko
S5nT PableTo
u I.J v T,’:, [ .
eNTi PALLET STJIRACE (Ko}

enlTek Wou $TdkAcE (Kb)

ASSION LTS _CArallly

ASOLON 1TSS ParkInNG 517t
Uhilual 2alicld ¢ Jou Ced HIMubll
TiM:z: Tu JFFL3&ad PailLels

UsE A 'YW LUOAGCRY
LuauiR  MAKLs ROUND TIRLP T3J PLANE
oRkra UrFLJAULS PabLL:=TS
Ckew RELbASeS LJADeR
FarlisTu ENLer olxTef_ _.
ARE sunThkD

LELvE SORTER

Trey PELLETS sLnxe STCRED
RtiMainbeR ARL d3ruKeN OJWN
SIRTING CREa EnNGALED

RELEASE SURTZIR
STORe LUOSE CarRGS (KG)

w0 CARKGO TO Bt OFFLOAJZD
Take FuRKLIFTS
rbCou I<I¢ TU PLANE . _
Crtw CFHFLOADL GDD CARGU
PLACEY 11 IN STIKAGE
kELEASEY FORKLIFTY

SHsMe0sLG RLANES AS SPcClFIED . -
LR 4 PEKCENTAGE OF ¢ ACH
CAPACLITY AS31GNED

CAPACITY ASSIeNeD
PARKING S1ZC ASSI6NED




c3

(o]
o5
ot
o)
oY
A"
[
4
i.
14
‘L
lc
(7
Iz

A

b

a1
e

- ‘) 4.

QZ
%3
74
45

16

Y

90

19

gLy}
L Ja

ise

1is

Lve
ad Y
+J0
Lvd
ivbd
LJY
ilv
lil
L2
I
Li4
ald

wddJT

* ooarThy

'_N_'_J i’wA L

JudXke
Nuawd

A 2LnaN.

LuLur

_JdJuur

LA LEN

A331bn

Adsiun
adsioN
Ado1GH
ASsluN
fesl
fcofl =
LuavE
Lbave
Lueva

[ R N

Sk

CAIVANG e

LiLmVi
ENT = ®
sNToK
Iinlen
Fesl w:
sebll
watd

P INLY
Toof G
A001 G
| B
A)\Lo'\ .
uufJ
ASSIC
lesT G
A5310W
besi oo
vaTd
As>LUN

Fesi
ad: LU0

tcol ©

50140

ASS TGN
Gulld
ass[GN
asnslon
HosloN
$did

Nouw LANJUS
sPLLT

el R
LuvhanCe
LEAVE

RS IR RO

_FEALY,P3

39v b LOFF
4eviLuddc
[ IVEE SO 01 o &
3subPALS

vboMalUsr2,0tt Ay
EvicabTYsu,niraL

LoSTwusve
PLalUs»P3
wixfusre
ranur
VedARUP s Lo
MARKUP
KzaliYsP3

onZaufaF4

K-ADY P&
Mer 3DV
LsTariN

S LUJUP
Ssuo=>kuitrT

P3s>iPL3TUpNULLS
ERRUE I R Y

Sebd>TuscdCLsTustDIX wHICH OlHzR >Tu
CatpvixTRA

NullUs
CtoVIXTRA

L Pas o BLSSTONNOQ00

4y95iLual]

4P LOTLed s LusTI»L0IA2 wntllH GTHER
o TaRe

S¥sebXlRA
NudDD

Sy viATRA
reyoo(0:Tdswld0T
vydbdoald

38PL5T1deoelS:TOrLS3X wHlcHA UTHzZR
L3t vEaTra

WUSIT
4+ ViIARTKA
wauduT
3p53irt 510
49 S32L5LTO

wJasOT
FPUKKD)
Ly udDUP
MAdcs VENMHE:
vidOIOINY10

APPENDIX III-10

_ ThKe

IS UFFLOADEG, KETUKRNS TU BE UPLOADED
CLGAD PALLETS AND 30U CoD SEMULT..

~opulLw

C wWilL TAIS EwPTY OUD STy

L BrlOw (aPACLIY

JKG_OF _ODD_CARGD. _.

105

rAaLlcTIZED uGO FOR unNLIJAD
LCOSE

KNG Cou=Siddc L

Kb THRL PALLETS !

will THlo wrPdY ALl 5TG
NOeewllL ANY LTJRAGE 3¢ zaeTIe)
NleeTHEN RiIxleve LulSce €GO
weTRicve PulS FruM 3TIKAGE
Reiwfecve G0 LeRuD
eRNTix PALez ]l MARUF
Ve FallzTS _
LEAVE MakKJP AKEA
PLACE: THARJG PallcelS
Nea PaLlels, ) .
alNU Jul CARGG ON ®¥cuwdY LINce
wA LT CNTIL LUAuUliNG TIAL

Taxi i FU< UrFLOAS/UNLIAD
Gu TS BEGIN LCAUING

KO
Kb

WKz A

will THZ PALLET
Ilhen Twht IT ALL

STO dE CAPTLED

HA S
cATRA LUCS:,

Moke LeFT
~AaRED
TAK:c eXTRA JOU CARGU

witll t005c >1C 8t LMPTLIED
Take T aALL

$TU da> MJIRE
=XTRA _PALLETIY

LzeT
led Cans0
TaKs

EXTkAa Gul CARG]

Take LT ALL

STU HAS MORE
_ThAnc SXIKA PALLCIS
Gu T3 PRCPARE THE LGAD
TAKE cXVTRA LulSe CARGU
FxkEPARe THe LUAD

ib ALL >T3RAGES WillL Bz

Take LT ALL AMD DePaRT

LeFT

iﬁ?fi:b;

e e e e n w4

PriPaxe TdE LOAD

TakKe A& K LOADER

UNE rOUND TRIP TO PLANE 51D¢
_6eT PALLETS FHOM RcADY LINE
GCT NEW PALL:TS FROM READY LINE
LOAD THt PLANE

KELlcALe THE K LOUADER.

PLANE TAaxleld (uT

T T e

TAKE A FORKLIFT
maKE A ROJUNU TRIP TU PLANESIDE

R

LeAve Rt AJYs P4

AQVANCE ViPLOFTs 30

Ltchve Mt ) VENMHE

LcAvc PRI ¥l

TexiMINATE

AS3ION_  3sP6. N

eNfeR FURKs VENFURK

aAUVANCE Vs QUNY s 1y
T e

_—



A= L

b

P
117
iio
ilv

alu.
121
L2

i2s .

il
les
12¢
Py
1zt
149
i3vu
131
lic
L33
134
139
1395
is7
JRER

RAAEB A0 ONTRUL CARDSHM S am ko nokb st R R kAR Rk ARk Aok ok gy e ek ok e % e e

%

51aR ]

106
LenvE KeadvysPo Tane JuD CARSOL FrUM Rcady
LJVANC S VeisulrTs 2y LOAD JUL SaxGO
Lrave Fu<Ks ¥ ohNr JrK ke beude FuRKLIeT
TomvitMale
¥ o . - - e e -
FT1ASR afNd RoePURT CUN-RATIR SEOMENT s pddokrck kb e pedok ek s ki sk o
E .
vonzKATE ldussy LuCyrldlo | SAMPLE EVeXY 10V scoculngo
Tasutale FomKs wbMpr X FURKLLFTS IN USc
TAsdlLaTo Mred NUMscr K LuAadikS tw USZ
Adasdeate _ Lodle _oahT LDuoe. >TURAve LN oSz
TAsuLaTe PiaLio amT  rvalicel oTuxAGE LN UdE
FASULATE Guv AT 00D STOKautk N USE
TA3uLATe TPRKO AT Jr IkJdOK PKo Law uSE
FasulaTe AFKK, adT ACFT PKG IN USe
Savovalus  LGUbeyinA INCREMENT CUUNTEK
) A3l _ Go . #4eLuUdFsicsdaAlT 0 LS THld THAr wedST >a4elce
Savivalue  COosTrvdldoTd YESy) CALCULATL T01aL CUsT ANy
oAVIVALUZ  PRUZ,VEPRCST CudT Jr PARNING
SAVzVALLE  STCS,vasiCst CoTURAGE
cAavovalbe  SUcorvbd3CST SLGRT 1IN,
AV vab UL mASSsVEIFAULT CINTRINZFLZING,
e DAVIVALUL oy WARUCST o L KLADY LINEs N
SAVovALLE MACS, VEMHCLT MATEKIALS HANLLING,
Saveovablie  ©aCIsVILACST LABOR,
SuvoVarus CrlsviderT AND CGLI Par TUN
erPJRT
ALV TiTL = sHALFwUKRY SaviEvaLucs
Ko o TTELY L s P ULLWURD. SAVENMALUES. . .
2 TXT CUST uF PAKRKING YKEPKLS»E/ULAAXAKAK?
2 TeaT vdol JF CAKGJ STOKAGE PX50TCOs2/ULARAKAAX!
4 Texi CLoT Ur CARGL SOKTING YERIO0CS» 2/ OLARXXKARXKY
Z T-xT COST Jr CuNTALNGRIZING YXOMACSs c/OLKKAXAXKX?
4 feal CiL>T JF REAUY AKEA YXIRUC3s2/0LAXKAKKKY
o dekb o CLST Jr MalcRiarS_daNubINe . VXM ARCS 22 LVLXRAKAAXRYL ]
pd TexT CasST 3r LABUR VABLAWCS» 2/ 0L KAXXXAXY
3PACE i .
.2 CTekT Tulat CuST GrF THIS UPERATLIUN. ISYABCOST»2/U0LAXAKKAKKY
SPALL Z
2 PLAT COUST PR TUN YXBLP T/ 3LAARKSXRY
g oAl Jern AT L0 L e e e
¥ 1

46 .

C e — fmr e e e e

S v e —

e s s e aamm s e em————— = = s e - g




VITA

Peter W. Russo was born in Brooklyn, New York on 4 March
1949. He attended Manhattan College, Bronx, New York, while
working as a freight conductor for the Penn Central Railroad.

Upon receiving his bachelor's degree in Civil Engineer-
ing in 1971, he entered the U. S. Air Force pilot training

program. Captain Russo has since logged nearly 3,000 hours

flying the Lockheed C-130 Hercules transport aircraft on
various assignments world-wide. Upon completion of these
Air Force sponsored studies at Northwestern, he will be

assigned to the Air Terminal Operations Center at RAF Milden-
hall, United Kingdom.
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